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PREFACE. 


The rapid development of new oil-fields, and the intro¬ 
duction of improved types of plant and machinery to deal 
with ever-changing conditions, renders any work descriptive 
of oil-field operations subject to periodical revision. For 
a busy man, it is no light duty to undertake the pre¬ 
paration of a treatise that will do justice to the petroleum 
industry ; nevertheless, the flattering reception afforded to, 
and quick*sale effected ot, the entire edition of “ Petroleum 
Mining,” impelled me to discharge a debt to the profession 
to which I am so devotedly attached. 

I was profoundly dissatisfied with my former effort, 
and anxious to remedy deficiencies and omissions even 
_ before it had passed through the press—defects that could 
ortly be excused by the difficulty of fulfilling such a self- 
imposed task under excessive pressure of professional work. 

I, however, resisted the simple expedient of reprinting, 
and have endeavoured in this volume to retrieve some of 
my shortcomings. 

Advice tendered by indulgent reviewers and sym¬ 
pathising correspondents, for whose suggestions I am 
deeply grateful, have been cheerfully acted upon, and a 
•mass of statistical data now available to all in current 
petroleum periodicals has been intentionally onfitted. 
Endeavours have been made lo perpetuate throughout 
a practical aspect by the introduction of personally , 
observed or authentic examples to support contentionSi^ 
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and in this connection I trust that I may be excused for 
what may appear dogmatic conclusions on some contentious 
matters. 

No diffidence has been felt in expressing unqualified 
views on certain subjects di.scussed, as the conclusions are 
based upon fifteen years’ uninterrupted association with 
oil-field development in all parte of the world, during 
which time no occasion has been omitted during extensive 
travels to extend my .sphere of knowledge, often by 
tedious and fatiguing journeys to remote regions, if they 
were likely to afford some useful information. Practical 
experience gained in so wide a field' enables quicker and 
better appreciation of phenomena to be formed than is 
possible when energies and observation are confined to 
restricted areas. Likewise in the organisation and leader¬ 
ship of geological and topographical survey expeditions, 
in the valuation of producing concerns, and in the equip¬ 
ment and arrangement of oil properties from the time 
of the initial test wells to their eventual appearance as 
regular producers, 1 have had opportunities of study such 
as fall to the lot of few. 

In the discussion of debatable subjects, I have not 
hesitated to draw liberally on petroleum literature, i\or 
have I sought in vain the valued assistance of my numerous 
friends engaged in oil-field work in various parts of the 
globe. I am appreciative of the ungrudging help given 
me by correspondents to whom 1 have appealed, as well 
as for voluntary communications which are always warmly 
welcomed. 1 would venture here to thank correspondents 
for past letters, and to cordially invite correspondence or 
criticism from readers on any matter in this volume. It 
is by exchange of views, now too rare and restricted' 
by convention, that so many subjects remain shrouded 
in mystery, when solutiens for perplexing and obscure 
problems lie in some remote field known only to a few 
^lerators. 
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Trained as a practical engineer, an aim has been made 
;o put in unpretentious language and concise form the 
nain principles of an Industry bristling in unsolved problems 
ind encompassed by far-reaching possibilities, presenting 
inbounded opportunities for enterprising engineers of 
iducation and initiative. The training is hard, and fraught 
vith danger of injury to health when camping in tropical 
brests distant from civilisation, where distractions do not 
jxist, and long hours are the rule. 

Included in this volume is a brief account of the chief 
)il-fields of the world, accompanied by specially prepared 
naps, which, it is hoped, will prove valuable for reference. 
The main features attaching to the leasing of oil lands 
ire reviewed, and oil-field legislation, customs, and usages 
ire described in some detail, and freely commented upon. 
The principles of refining are briefly explained, and the 
:hief characteristics of crude oil and petroleum distillates 
ire alluded to. A lengthy discussion of the origin of oil 
bas been included, and special efforts have been made 
to explain the factors governing 'the accumulation and 
geological distribution of petroleum. 

Oil-well phenomena have been minutely described 
Linder numerous sections, and remedies for defective work 
liberally prescribed. Engineering problems involved in 
oil - field equipment and development are dealt with ; 
and the relative merits of modern plant and drilling 
appliances are discussed without bias. Methods of extract¬ 
ing oil are detailed, and a chapter has been devoted to 
the, important subject of recording, tabulating, and 
analysing data for statistical purposes. Included are 
many diagrams and charts, graphically representing features 
that are less obvious in columns of figures. Some of the 
charts, calculated throughout from recognised formulae, 
may save much trouble and tinie to oil-field managers. 

Particular attention has been paid to the prevention 
of waste, both culpable and that due to fnefficient workings* 
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The debt we owe to posterity should alone check the 
unjustifiable waste of natural resources that has disgraced 
the development of oil-fields in the past. It must be 
remembered that, whatever the origin of petroleum, and 
whether oil has an adventitious or indigenous origin, no 
appreciable reproduction proceeds, and oil and gas fields 
become exhausted, just as other minerals which are mined 
in a more exposed way. 

Absence on active service, and general disorganisation 
due to the European conflict, have prevented the in¬ 
corporation of a certain amount of material originally 
intended ; and for the same reason, regrettable delay in 
the publication of this work has been caused. 1 cannot 
express too strongly my thanks for the loyal support of 
my staff, Mr Geo. Madgwick, m.Inst.m.m., Mr H. May, 
a.m.i.mecii.e., Mr R. H. May, a.m.Inst.c.e., and Mr 
Pomeroy, m.a., f.g.s., in collecting data and preparing 
drawings and diagrams, and 1 am especially indebted to 
my father, Mr Beeby Thompson, e.c.s., f.g.s., for 
supervising the work 'in my absence, and for preparing 
most of the sections relating to the origin of oil. To 
Mr R. H. May I owe the working up of the section 
dealing with the modern adaptation of electrical power 
to oil properties. 1 particularly recognise the valuable ■ 
assistance of Mr P'. C. Thompson in preparing the micro- 
and other photographs of sands, rocks, etc., and I would 
be ungrateful if I failed to acknowledge the aid rendered 
by Mr H. D. Fletcher, in suggestions and assistance on 
the drilling sections during a voyage from the West 
Indies, and Mr James Romanes, m.a., f.g.s., for critically 
reading the geological section. Nothing but grateful 
memories arise in recording the ready assistance proffered 
by Dr Day and the staff of the United States Geological' 
Survey, Washington. No request for data was ever 
refused, and the assistance so afforded, together with the 
information abstracted from the valuable technical publica¬ 
tions of the U.S. Geological Survey,t have proved of 
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exceptional value to me in the preparation of this 
volume. 

To my delight, Mr Percy R. Clark, r.i.c.s., f.a.a.', 
undertook the preparation of the chapter on oil-field 
organisation and accountancy, which cannot fail to prove 
of value to those initiating operations. 

As a regular reader of British and American petroleum 
periodicals, I cannot fail to have drawn information from 
those channels that has found its way into the text, and 
I crave forgiveness from the editors of such journals for 
any material inadvertently unacknowledged. 

'■^' America has at last realised the necessity of training 
students for an industry that is assuming such gigantic 
proportions, and special courses are now arranged in a 
number of the Universities of the country. Great Britain 
has not been behind hand, as besides Birmingham Uni¬ 
versity, the Imperial College of Science (Royal School 
of Mines) has initiated a course of ‘study. In this con¬ 
nection the engineering side should not be lost sight of, 
as oil-field development calls for engineering abilities 
of no mean order, if great waste of capital is to be avoided. 
Only an engineer can satisfactorily direct the operations 
of an oil company, especially where conducted in remote 
regions. The erection of dwellings and structures, making 
of roads, bridges, light railways, installation of machinery, 
electrical stations, telephones, the design of pipe lines, 
water services, etc., all call for engineering knowledge 
that (Wily trained engineers can adequately supply. 

It has been no simple matter to condense the contents 
to the limits of a single volume, but principles rather 
than lengthy descriptions have been kept in view. 
student, who reads the book carefully, can fail to have 
a sound grasp of the principles underlying the vast industry 
of oil-field development. 
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OIL-FIELD DEVELOPMENT 


CHAPTER I. 

INTRODUCTORY. 

Historical — Geographical Distribution of Petroleum — United States of 
America — Russia — Roumania — Galicia —Germany—India —Japan — 
Central America—West Indies—Dutch East Indies—Persia—Canada— 
Africa—South America—Italy—Australasia. 

Historical.—Historical references to petroleum and allied 
substances in literature of great antiquity prove that these widely 
distributed products of Nature have not only been known for many 
centuries, but were used in the arts long before the Christian era. 
Modern antiquarian exploration in Egypt and elsewhere has 
brought to light many objects on whifh native bitumen has 
been used in some form. The Chinese and Japanese have for 
centuries worked oil deposits in a primitive way, and the Parsecs 
for over a thousand years paid pilgrimages to the “ Eternal Fires ” 
of Baku before the commercial worth of petroleum was established. 
Both the Incas of Peru and the Aztecs of Mexico, of which 
remarkable races so little is known, employed bitumen in their 
architecture and works of art. The medicinal properties of 
petroleum were recognised by the Indians of North America 
long before the white man set foot there, and the Persians eagerly 
sought certain Baku oils which were said to be endowed with 
curative qualities centuries before the Russians occupied the 
Caucasus. In both Galicia and Roumania there are old works 
which prove that petroleum was extracted ages before its value 
vivas generally, appreciated, and the pitch well of Zante has been 
mentioned in classical literature. 

The occurrence of petroleum has often led to the designation 
of towns, rivers, districts, etc. Thus, in England^ there are several 
Pitchfords which doubtlfess owe their name to the local occMrence 
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of pitch or oil, and in Canada Petrolia is the centre of a still 
surviving oil industry, from which it derives its name. In 
Spanish-speaking countries, Brea (pitch). La Brea, Breaita, etc., 
are common appellations for places where oil indications are 
manifested; and in Persia Kir (pitch) is frequently prefixed to 
the names of places indicating the existence of this material. 
In Burma the word Yenang (earth-oil) prefixed to other words 
has evidently been applied to localities where there were 
petroleum manifestations, as at Ycnangyaung (earth-oil creek) 
and Yenangyat, where there are now large oil developments. 
In Barbados, where crude oil has for over a century been 
exported as Barbados tar, one of the localities is called Mount 
All, a generally presumed corruption of Mount Oil; while in 
Russia such names as Neftiano, Neft (oil) arc met with. 
Likewise in Germany we find the name of Pechelbronn {peek, 
pitch) given to a place near Hagenau where oil occurs; ajnd on 
the Red Sea we find Geb-el-Zeit (head of oil), and in Algeria Ain 
Zeft (oil well), where there are evidences of oil. In Mexico the 
Indian word Chapopote is frequently found incorporated in place 
names where tar seepages occur; whilst in Galicia and Roumania 
the words Ropa and Pacura respectively have a like significance. 

In India, China, and America oil was first obtained in 
association with brine, which ivas evaporated to produce salt, 
and often the inflammable gas w'hich commonly accompanied 
the brine was directed to profitable use. In America some of the 
early salt manufacturers of the Kanawha district preserved the 
oil which rose with the salt water, and derived a small supple¬ 
mentary income by its sale for lubricating and lighting purposes. 
About the year 1820, when means were devised for drilling wells 
to a depth of 1,000 ft. and more, many barrels of oil daily rose 
with the water, and a regular trade was conducted io this 
“Seneka” oil. 

Public interest was first aroused in petroleum as a remunerative 
enterprise when Colonel Drake successfully conjpleted a well,, 
drilled especially for petroleum, in 1859. The advent of this 
well led to the discovery and development of the great 
Appalachian oil-fields that have since furnished the world with 
many million tons of high grade pctroleam. fn 1869 the first 
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oil well was drilled in the Baku oil-fields of Russia, and the news 
of results which surpassed the most sanguine expectations or 
dreams was long regarded with suspicion. 

Notwithstanding the abundance of petroleum found and its 
proved value, progress was hindered by lack of transport facilities 
to centres of consumption. In America and Russia the oil 
was conveyed in carts at great expen.se over bad roads to the 
nearest railway, and it was not until 1865 that the feasibility 
of piping petroleum was demonstrated in America, and ten 
years later before the first trunk line of any importance was 
constructed from near Butler to Brilliant Station on the Allegheny 
River, near Pittsburg. In 1879 the first great seaboard trunk line, 
6 in. in diameter, wa.s commenced from Colegrove, McKean 
Co., to Philadelphia, some 235 miles, with a branch 5-in. line, 
66 miles long, from Millway to Baltimore. 

In Russia the same tran.sport difficulties were impeding the 
growth of the petroleum industry of the Caucasus, and one of 
the most enterprising Baku producers, following the example 
of America, constructed a pipe line between the Balakhany oil¬ 
fields and the Caspian seaboard at BlacRtown. As in America, 
the carters, who had conducted a lucrative business in transporting 
oil, fiercely opposed the project, and for a long time it was 
necessary to guard the line from attacks by the disengaged 
carriers. 

At that time the various oil products were barrelled, and 
exported or dispatched to their de.stination in that condition, 
but the increased trade led distributors to consider cheaper 
methods, as the barrels often cost far more than the contents. 
In 1879 Messrs Nobels, one of the largest oil producers in Russia, 
constructed a steamer provided with tanks for conveying oil in 
bulk across the Caspian Sea to the Volga where the great markets 
lay, and the success which rewarded their effort led to the general 
adoption of this means of transport on the Caspian Sea. About 
ffie same timff iomc small ocean-going tankers were constructed, 
and a few years later tankships of conskierable capacity were built 
for the conveyance of both refined and crude oil in bulk. In 
the year 1907 the unexpected developments in» the oil industry 
led to many large tankers being built, the finest vessels^ftiving 
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a speed of eleven knots and a capacity of 6,000-7,000 tons 
cargo, besides bunkers for a long voyage. In 1912-13 the size 
of tankers was again increased to 10,000 and even 15,000 tons 
with success, engines being placed amidships or aft according to 
the design of the vessel. 

Between the years 1897 .and 1902 the American and 
Russian outputs kept very close, and for four years, 1898- 
1901, Russia produced about half the world's supply of 
petroleum, a result the more remarkable when it is considered 
that the Russian production was obtained from some 2,000 
wells spread over an area not exceeding 10 sq, mile.s, whereas 
the other half of the world’s output was obtained from tens of 
thousands of wells spread over many hundreds, if not thousands, 
of square miles of territory. 

A discovery of historical interest in connection with the 
petroleum industry, which greatly accelerated its progress in 
countries where the percentage of lamp oils was small, was the 
method of burning heavy residual oils as fuel by pulverisation 
with a jet of steam or air. Until about the year 1865 there 
was no commercial deinand for the heavy residua of asphaltic 
oils such as formed over 50 per cent, of Russian oils, and this 
product, which has for forty years dominated the price of Russian 
crude oils, was considered a waste product and burnt in open pits 
around the refineries. 

Extraordinary interest was aroused in American oil enterprise 
in 1901-2 by the remarkably rich discoveries in California and 
Texas, where a new, if lower, grade of petroleum was struck in great 
quantities. The Spindle Top strike of Texas caused considerable 
agitation and excitement amongst suppliers of fuel, on account 
of the proximity to seaboard of a source of oil fuel whoge cost 
was almost negligible. Ambitious schemes for distribution to 
European markets were, however, frustrated by the rapid fall of 
production when the rich area had been exploited and the narrow 
limits of the pool became known. About this pd'riod the Dutc'fif 
East Indies developed satisfactorily. 

The production of California rose so rapidly with the opening 
of several rich fields like Kern River and Coalinga, that in 1912 
it attained the surprising amount of i2,ax),cxx) tons (86,000,000 
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barrels), a total that exceeded all other oil countries. This 
enormous output was again supplemented by the phenomenal 
development of the Sunset Midway field, raising the production 
in 1914 to the colossal figure of 13,300,000 tons f roo,ooo,ocio 
barrels). 

Texas provided its maximum quota of 28,000,000 barrels 
(4,000,000 tons) in 1905, but about the time of its decline vitality 
was renewed by the wonderful discoveries in the neighbouring 
States of Louisiana, Oklahoma, and Kansas. The Glenn pool of 
Oklahoma presented a striking example of the dormant wealth of 
these regions, and the exploration initiated in consequence of the 
discovery quickly brought to light other pools of high grade oil 
which were heartily welcomed to replace the dwindling yield of the 
Appalachian fields. 

The yield of Galicia reached its zenith with about 2,000,000 
tons (15,000,000 barrels) in 1909, owing to the tapping of some 
of the richest sources on the Tustanowice oil-field. Mexico started 
on its long anticipated career as a great exporter of fuel oils 
in 1911, when somewhere about 2,000,000 tons (14,000,000 barrels) 
were said to have been raised. 

Oil enterprise received a great Impetus in 1910-11 in 
consequence of the rapid and satisfactory development of motor 
propulsion and internal combustion engines for many purposes. 
Light distillates which had been destroyed or burnt as fuel for their 
disposal became the main object of refiners, and fields hitherto 
almost neglected became centres of great activity. Financiers 
readily embarked on prospecting schemes in many parts of the 
world, and discoveries of great value were the sequel, although 
the pioneers rarely derived the full benefit of their deserving 
energy and initiative. 

/^bout this time the striking of a well which flowed exceedingly 
high grade oil at a rate of about 5,000 tons (37,500 barrels) daily 
in the Maikop district near the Russian Black Sea coast, led 
^to a wild land speculation which all well-wishers of the industry 
deplored. Tlhrty-two acres of the developed part of this field 
yielded 147,000 tons (1,100,000 barrels) in 1912. Discoveries in 
Persia and F.gypt definitely established the existence of payable 
oil in these countries,,and were later followed op by development 
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under powerful commercial groups, whose work showed that 
fields of great potentialities existed. Trinidad likewise was 
definitely advertised as an oil-field by results of some importance. 

Several Russian events have placed the industry of that 
country on a stronger footing. One was the disclosure of rich 
oil deposits in the barren waste of the Urals north of the Caspian 
Sea, another the demonstration ihat along the eastern extension 
of the Grosny anticline rich oil sources existed at depth, and 
a third that the island of Cheleken in the Caspian contained 
rich deposits of paraffin-bearing oils. 

In 1914 the feature of greatest importance was the astonishing 
development of Oklahoma, where the Cushing pool, only discovered 
in 1912, increased its output within a few months to about 
5,500,000 barrels (750,000 tons) monthly, quite demoralising 
the oil industry of the Mid-Continental fields. Its rapid growth 
was no less attributable to easy and rapid drilling than to the 
large initial yields of the deep wells. 

During the last few years several other developments have 
taken place, the exact importance of which is yet unknown. At 
Comodore Rivadavia, in the Argentine Republic, good productions 
of oil were unexpectedly obtained, and a field ha.s been partially 
developed by the Government of that country. From the 
Kurokawa field of Japan has been reported a gusher which may 
be the prelude of important developments. 

A small strike of light oil in the Calgary district of Albprta 
led to intense excitement and quite unjustifiable .speculation in 
the summer of 1914. Although hundreds of companies were 
formed and large sums of money subscribed, no very tangible 
results have been achieved. 

A feature of recent years has been the gradual consolidation 
of interests into the hands of a few powerful groups, whd, have 
sought, for obvious reasons, to distribute their investments and 
to control large reserve areas. Their aims have been greatly 
facilitated by the scarcity of transport, which often rendered iU 
impossible to charter boats at reasonable rates to lift stocks. The 
cost of ocean freight has frequently exceeded the value of the 
oils it was desired to transport, thus effectively throttling the 
development of fhany new fields where local markets. were 
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restricted or absent, as well as embarrassing small companies 
provided with only limited cash resources. 

Geographical Distribution of Petroleum. — Although the 
commercial extraction of petroleum was for so many years 
confined to a few regions distributed over the world at far 
distant points, modern exploration and more general knowledge 
of the circumstances associated with its occurrence have led to 
the discovery of numerous oil-fields of the greatest commercial 
importance, and others are annually being added to a list which 
already extends to four continents. The increased demand for oil, 
coupled with improved and cheapened means of transport, is 
raising an average standard of value which will permit numerous 
fields to be remuneratively operated where previously oil could 
not be extracted at a profit. This especially applies to the less 
productive fields of high grade light oil which, until the develop¬ 
ment of motor cars and air craft, realised no higher and often a less 
price than heavier oils richer in illuminants and fuel oil. 

The United States of America has, since 1901, been the 
largest producer of petroleum. Endowed with a restless and 
enterprising spirit, Americans could nqt resist the impulse of 
entering an industr)' yielding such rich rewards to the successful. 
Fortified by a large home demand for the product, with the added 
advantage of good railway communication, abundant efficient 
labour, and healthy climate, the industry has assumed gigantic 
ffroportions. Often stimulated by failure, the American pros¬ 
pector has driven his “wild cat” wells far from proved fields 
into regions where indications were little or nil, and thereby 
opened up territory which, for a century, might otherwise have 
remained undisclosed. 

Other countries which yield large supplies of oil are Russia, 
Rourftania, Austria-Hungary (Galicia), East Indies (Borneo, Java, 
and Sumatra), Mexico, and Burma, whilst important oil-fields are 
being developed in Persia, Peru, Assam, Trinidad, Japan, Germany, 
-and Egypt. , Smaller fields are being operated in Canada, New 
Zealand, Italy, and the Argentine Republic, and there arfe many 
localities where the peasants collect* supplies from seepages for 
personal use or local requirements. 

Besides the above-ilamed countries where oil-fields are being 
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developed, and in some of which large undeveloped lands are 
known, there are important untested regions in Africa, Central and 
South American States, Central Asia, East Indian Islands, China, 
ancT Asiatic Turkey, where promising indications prevail, although 
they are often, at the moment, too far distant from transport 
facilities or labour centres to admit of commercial development. 

Table I, shows the production of the chief oil-fields of the 
world up to 1914, The production must not be regarded as 
evidence of the maximum capabilities of the fields, even under 
normal development, as few products are subject to more violent 
fluctuations in value due to causes enumerated on pp. 55-61 ; and, as 
a natural consequence, operations in restricted areas are checked or 
accelerated in accordance with market conditions. 

There are few countries of large extent in which indications of 
petroleum are non-existent, and if one includes oil shales which 
yield oil under destructive distillation, the number is still, further 
diminished. Until the oil-fields themselves become exhausted, it 
is unlikely that the oil shales will be extensivel}' treated, except 
in countries where natural supplies of oil are unknown or unim¬ 
portant, and the Governments concerned foster home industries by 
the imposition of protective duties or granting of bounties. In 
Scotland alone are oil shales worked and distilled at a profit in 
competition with imported oils, a result attributable to highly 
scientific treatment, strict economy in working, and the occurrence 
of a large market at hand for every product. 

Extensive deposits of oil shales are known to exist in France, 
Spain, Australia, the United States, and Canada, but only in 
Australia have they been worked on a large scale outside the 
United Kingdom. 

United States of America.—In no country has there been 
displayed such activity in prospecting and developing oil lands as in 
America, where immense areas of what was regarded as almost 
waste land have proved to be oil-bearing territories. So rapid has 
b^n the development of the Western and Mid-Continental oil-fiefds 
of California, Kansas, Oklahoma, Illinois, and Texas, since about 
1902, that the old eastern*" Appalachian and Lima and Indiana 
oil-fields sink, in comparison, almost into insignificance. Assisted 
by an admirable' system of pipe lines, Knked, up with refining 
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centres and ports of shipment, and stimulated by large home 
markets, the oil industry of the States has attained an importance 
and. magnitude surpassed by few other industries. 

It has been officially estimated by the United States Geological 
Survey that there are in the United States .some 8,850 sq. miles oi 
^nown oil-bearing territory,.made up as follows:— 



Sq. Miles. 


Sq. Miles. 

Alaska 

500 

Missouri - 

30 

Alabama 

50 

New Mexico 

80 

California - 

850 

New York 

300 

Colorado 

200 

1 Ohio 

650 

Idaho - 

10 

Oklahoma 

400 

Illinois 

200 

Pennsylvania - 

2,000 

Indiana 

- 1,000 j 

.Tennessee 

80 

Kansas 

200 1 

Texas 

400 

Kentucky 

400 ! 

Utah 

40 

Louisiana 

60 i 

West \^irginia ■ 

570 

Michigan 

80 

Wyoming 

750 


Appalachian Oil-Field .—From 1859 to 1875 this field gave the 
entire American production nf oil, and until 1885 still furnished 98.5 
per cent, of it. It then began to a.ssume less importance, until at the 
end of 1913 it repre.sented but 10.43 percent, maximum yearly 
production was 36,000,000 barrels (4,800,000 ton.sjin igoo,and in 1913 
it had fallen to 26,000,000 barrels (3,470,000 tons),yet over $14,000,000 
more was paid for the smaller quantity. The great rise in prices 
in 1912-I3 sufficed, by encouraging exploitation, to turn a 
normal decline of 5-6 percent, in the production of FennsyUa.iia 
into an increase of 1.6 per cent. .Similarly the State of New York 
.showed an increase of 3.21 percent, in 1913, instead of the usual 
7-8 per cent, decline. Both of these increases represent rather 
increased attention to the cleaning of wells than the bringing in 
of new areas. On the other hand. West Virginia, being newer 
territory, cannot definitely be said to have yet passed its maximum ; 
in 1913 a decrease of 4.63 per cent, represented the falling off in 
the Blue Creek pool production, which had led in the previous 
year to a heavy increase. Eastern Ohio production declined 
I percent, in 1913, after a ri.se the previous yea.r succeeding a steady 
decline for a number of years, the maximum for that state as a 
whole having been reached in 1896. 

The Appalachian field stretches along the eastern side of 
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:he AHe^heny ■ JJountaift's in a north-eastei«;^irectiC»fl, & ; 
:oincident with the geosyncline lying between" diese moanttinit; 
ind liie big Cincinnati'antic^'«. The nearly horizontal character 
jf the strata throughout;, most of the area gives rise to steep and 
jften very narrow and tortuous valleys, along which outcropping 
:oal seams or other marked horizons may often be followed for 
:onsiderable distances. It was in this country that in 1859 was 
wrn in t)il (jieek, Venango Co., Pennsylvania, the modern industry 
3f large scale oil production by means of drilled wells. The 
ibove quoted maximum production for the Appalachian field 
n 1900 was due to the help of West Virginia. The old' 
Pennsylvania-New York area reached its maximum with 33,000,000 
aarrels (4,400,000 tons) in 1891. 

Various attempts are made to group the oil districts of 
Pennsylvania and New York, which vary from time to time. 
Pile chief divisions are;— 

(a) The Bradford district in the northern part of McKean Co., 
ind which extends into Cattaraugus Co., New York. Development 
began in 1875 ; it reached its maximum in 1880. The productive 
sand is called by drillers the “third .sand,” although Carll .showed 
it to be 1,000 ft. below the Oil Creek “third sand.” The oil 
is amber, green, or black, and is usually heavier than that of the , 
lower field. 

The Allegany district of New York may be included with 
thef Bradford. 

(i) The Warren Co. area is situated in the east of Warren 
Co., and the north-east of P'orest Co, It includes the Cherry 
Grove, Balltown and Cooper, Stoneham, Clarendon, Tiona, Kane, 
Grand Valley, and other pools. The oil sands are coarser than 
in the Bradford area, often containing pebbles, and belong to the 
Chemuifg group of the Devonian. The oil is usually amber 
in colour, 

(f) The Lower Field includes Venango Co., where the oil 
industry of the. United States started, some pools in south-wesf^ 
Warren Co., Clarion, Butler, Armstrong and Beaver couiSte^.^'l 
The Venango Co. oil is from the first, second, and third sands, 
white or yellowish conglomerates formed of ^pebbles Icxwly 
ceftlented with fine sand. The oils are green, .sometimes Utudf, 
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and often amber, with gravity .875-.773 C30°-5i° B.). The third 
sand is richest, and its oil has a density of .786 (48° B.). Clarion, 
Butler, and Armstrong counties yield from the same sands. Beaver 
Co. has the Slippery Rock and Smith’s Ferry fields, yielding heavy 
oil from the Pottsville Conglomerate, and amber oil from the 
Pithole Grit. 

(d) South- IVest Pennsylvania includes Greene, Washington, and 
Allegany countie.s. Washington Co. had its first well drilled 
in 1885 on the Gantz Farm. This continued in production till 
1911. The wells are in the Gordon and fifth sands, but the 
Gantz and 50 ft. sands were better producers. The oil has a paraffin 
base, is usually green in colour, sometimes black. In Greene 
Co. the most important area is Mount Morris, which forms 
the northern continuation of the Mannington pool in West Virginia. 
Here the Big Injun sand first appears. Some very deep wells 
occur in Greene Co., one being 5,322 ft. 

It is worthy of note, as regards these old fields of the United 
States, that no pool has been entirety abandoned as exhausted, 
and wells are still being pumped within a few yards of the original 
Drake well at Titu.svijle, Pa. As an illustration of the staying 
powers of these fields, one can quote the instance, given in the 
“Production of Petroleum in 1912” of the United States 
Geological Survey, of 30x0 acres of land in Butler Co., including 
twenty-four producing wells, changing hands at a price that 
approximated $2,250 per barrel of daily production. Again, 
in I9ii,the same authority mentioned the Triangle well on the 
edge of Scio township in Allegany Co., New York, as being still 
pumped, although it was the first commercial well drilled in New 
York in 1879. It then (1911) yielded an average of about one- 
eighth barrel per day. In spite of the drain caused by these wells 
on the oil contained in the sands of the old pools, wells drifted since 
the rise in price of oil in 1913 have often yielded excellent 
production from locations between the old wells. There is there¬ 
fore no question of rapid exhaustion of these fields.. 

West Virginia .—The West Virginian fields form the south¬ 
western continuation of tfie Pennsylvanian and eastern Ohio fields. 
The greatest production so far attained was in 1900, with 16,000,000 
barrels (2,100,000 tons); the subsequent* decline was partly made 
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good in 1912 as was noted above. The oil-bearing counties are 
Monongalia, Marion, Tyler, Wetzel, Marshall, Wirt, Kanawha, 
Clay, Lincoln, Pleasant, Doddridge, Harrison, Lewis, Gilmer, 
Ohio, Calhoun, Wood, Ritchie, Roane, Cabell, Boone, Brooke, 
and Hancock, The more important pools may be grouped as 
follows:— 

(a) The continuation through from Pennsylvania of the Mount 
Morris district in Monongalia and Marion counties, the richest 
neighbourhood being at Mannington, the Big Injun sand being 
highly productive at a depth 1,176-1,322 ft. below the Pittsburg 
coal, with a thickne.ss of 145-235 ft. The oil is amber in colour, 
gravity ,786-.777 (48°-50° B.). 

(d) Tyler and Wetzel counties, where in the former county 
in 1891 the Sistersville pool was located in the Big Injun at 
1,100 ft. below the Ohio River. Tin's pool extends to both .sides 
of the Ohio River, and may also be reckoned as the southern 
continuation of the M'Donald pool in Wa.shingt6h Co., Pa. In 
1897 many wells reached the Gordon sand. Just above this is the 
Gordon stray, which is a prolific gas sand. Wells in the Big 
Injun sand gave 20-200 barrels, and gas wdls up'to 18,000,000 cub. 
ft, with rock pressure in some cases of 800-1,200 lbs. Pittsburg is 
supplied by the gas. 

(f) The Volcano and Eureka districts in Wood, Ritchie, and 
Pleasant counties. 

\et} The original West Virginian oil-fields in Wirt Co., where 
drilling commenced as far back as 1859, and oil was struck in 
the Dunkard sand at 303 ft., and the Gordon sand lies at a 
depth of over 2,000 ft. The oils are usually green in colour, 
and in the upper sands have a sp. gr. of .820 (41° B.), 
whilst in the Big Injun, between 1,300-1,400 ft., oil, with a gravity 
of .770* (52° B.), is met. The field has been extended through 
smaller pools in Roane Co. into the Blue Creek pool in 
Kanawha Co. which came into great prominence during 1911-12. 

Further soirth-west some small pools of good oil in Bere4 Grit 
and Big Injun sands have been openejd up in Cabell, Lincoln, 
and Wayne counties. 

Central and South-Eastern Ohio .—Included in .the Appalachian 
area are the central and south-eastern counties of Ohio, viz,, Morffan, 
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Washington, Monroe, Hocking, and Perry counties, whilst of lesser 
iniportance are Jefferson, Harrison, Belmont, Noble, Fairfield,,and 
Licking. The area is usually divided into the shallow .sand 
district of Macksburg, Marietta, and Chester Hill in Washington 
and Noble counties, which is pretty well defined, and the deep 
sand territory which, if somewhat expensive drilling for the 
average production yielded, offers more scope for “ wild-catting." 
Production from .shallow sands commenced in the Macksburg 
district in 1859, and in Chester Hill and Buck Run in i860; 
in 1877 the Berea Grit was reached at 1,400-1,500 ft. by deeper 
wells in the Macksburg district. To the north in Monroe Co. 
various pools have been developed, including the Sistersville in 
1890, where the Big Injun sand is worked, the poo! being 
continuous with that in the West Virginian fields. Modern 
developments began with the advent of pipe lines in the early 
’nineties, a maximum production having been reached id 1903, 
with 5,500,000 barrels (730,000 tons); in 1913 it still remains 
nearly 5,000,000 barrels (670,000 tons). 

The decline in the natural gas supply in North West Ohio 
led, in 1909, to efforts (o open up sources in the Clinton .sands 
further east, and in doing so new oil pools were discovered 
in this formation, at first in Fairfield Co., and then in Perry 
Co. This activity soon extended info Hocking, Muskingum, 
Licking, and the adjacent countie.s. This deep sand develop¬ 
ment has since become the mainstay of south-eastern Ohid pro¬ 
duction. 

Kentucky and Tennessee. —The most southerly extension of the 
Appalachian area lies in the States of Kentucky and Tennessee. 
Production on a small scale proceeded for many years, but develop¬ 
ment dates from 1900, after which production grew rapidly to 
1,200,000 barrels (160,000 tons) in 1905, since when it has declined, 
amounting to 500,000 barrels (66,000 tons) in 1914, the latter 
figure representing Kentucky production only. Since 1908 no 
production has been returned from Tennes.see. • >A number of 
small pools have been developed ; those in Lawrence and Morgan 
counties form the continuation of the West Virginian fields, the 
oil being found m the Berea Grit, and attempts are being made to 
continue these developments into Bath, Wolfe, 4 nd Estil counties, 
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On the southern border, in Wayne Cp., is centred the main 
production of the state, whilst important pools are developed 
further west in Allen and Barren counties. The oil obtained from 
the Devonian corniferous limestone at Ragland, in Bath Co., is 
heavy, not unlike Lima oil, a.s i.s also the oil of Allen and Barren 
counties, whilst that of Wayne and adjacent counties approaches 
more to Pennsylvania grade, with sjj. gr. .820-.840 (4I°-37' B.), and 
is dark green in colour. In Ohio Co. high grade oil was struck in 
1912, and i.s of interest as forming a link with the Illinois and 
Indiana field. 

Liiua-Indimta Oil-Field. —Lv'ing to the north-west of the 
Appalachian field, the oil is derived from the Trenton limestone, 
which is occa.sionally dolomitised to afford a .sufficiently porous 
rock. Beginning at Findlay in Hancock Co., in North-West Ohio, 
in the year 1884 development was rapid, and next year was marked 
by the great extension in use of natural gas in the United States, 
with which industry these fields were primarily associated, and in 
J885 oil was struck at Lima, in Allen Co., and production increased 
rapidly, the sulphur oils here obtained being first succe.s.sfully 
treated at the Toledo refinery in 1889, and excellent products are 
now obtained, including paraffin wax. In 1889 oil was first 
obtained in Indiana in Wells Co, The 1886 production of 
1,000,000 barrels (140,000 tons) increa.scd to 25,000,000 barrels 
(3,450,000 tons) in 1896. The sub.sequent decline was accentuated 
by rtia opening up of the Illinois fields, in 1907-8, which attracted 
operators from Lima-Indiana; nevertheless, the great ri.se in price 
of crude oil did not enable this decline to be entirely stemmed 
even in 1913, when a production of only 4,700,000 barrels (650,000 
tons) was obtained. Three grades of oil arc recogni.sed, viz.. North 
Lima, South Lima and Indiana, and Princeton ; Indiana, the first- 
named, Obtaining the best price. 

The bulk of the North-W’est Ohio production comes from Wood 
Co., where development began in 1890 at Montgomery, and the oil 
is rather lighter,than elsewhere, having a gravity of .814 (42' B.). 
Further east a second pool occurs. The Findlay district' in 
Hancock Co., and Lima in Allen Co., are*mportant producers, and 
also Sandusky Co. with the Gibsonsburg-Helena field, whilst lesser 
pools have been worked in Van Wert, Mercer, Seneca, Ottawa, 
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Auglaize, Lucas, Putnam, Wyandot, Shelby, and Darke counties. 
Practically all the oil is obtained from the Trenton limestone. In 
Indiana also the bulk of the oil comes from the Trenton limestone 
in the north-east corner of the state, and forms the more direct 
extension of the Lima field ; it is found in Sullivan, Adams, Wells, 
Huntington, Grant, Blackford, Gay, Madison, Delaware, and 
Randolph counties; and less important pools occur in Wabash, 
Miami, Hamilton, and Marion counties. In the corniferous 
limestone (Devonian) unimportant oil is found at Terre Haute 
in Vigo Co., at Birdseye in Dubois Co., at Salem in Washington 
Co., and north-west of Medarysville in Jasper Co., and from 
the Huron sandstone (Lower Carboniferous) near Princeton in 
Gibson Co., with more recent developments in 1913-14 at 
Sullivan Co. 

Illinois Oil-Field .—For many years productive in a very small 
way, it was only in 1905 that drilling near Casey Cp. led 
to extensive developments, first in the shallow field, and then 
rapidly extending southward.s into Cumberland, Crawford, and 
Lawrence counties; smaller areas in Coles and Kdgar counties 
were also found productive. Already in 1907 and 1908 symptoms 
of exhaustion in the .shallow sands of Clark, Coles, Cumberland, 
and Edgar counties became apparent. The deeper fields of 
Lawrence Co., with six distinct sands, had better staying powers, 
and in 19T2 were extended south into Wabash Co. In T909 the 
Centralia-Sandoval field was opened in Marion Co., and • other 
districts were tested on likely structures, but so far the La Salle 
anticline is the only one giving large production. The oil is 
found in domes along the La Salle anticline, which also extends 
into Indiana, and is productive at Princeton, the formation being 
Carboniferous. In quality it improves further south, being thick, 
asphaltic, and sulphur-bearing in the shallow sands. Ftom ist 
January 1908 to 20th December 1912, Illinois oils were graded and 
sold according to gravity, but this system was then abolished. The 
maximum production was reached as early as ipoS.with 33,686,000 
barrels (4,700,000 tons), that of 1913 amounting to 23,893,000 
barrels (3,300,000 tons). In the early days large tank farms were 
erected to cope, with the huge stocks carried by the pipe dines; 
these stocks in 1910 exceeded 99,000,000* barrels (14,000,000 tons). 
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By the end of 1913 these stocks had sunk to about 8,000,000 barrels 
(1,100,000 tons). 

Mid-Continental Oil-Field .—embraces a very large area, 
Kansas has developed twenty-five oil and gas pools in the following 
counties:—Franklin, Miami, CoflTey, Anderson, Linn, Greenwood, 
Bourbon, Allen, M'oorlson, Wilson, Neosho, Sumner, Cowley, 
Chautauqua, Montgomery, and Labette. Although production on 
a small scale had proceeded for many years, it was in 1904 that 
Kansas first came into prominence with over 4,000,000 barrels 
(550,000 tons). Its output afterwards declined to about a million, 
but rose again during 1912-13 to 2,375,000 barrels (330,000 tons) 
in the latter year. This was due to increase of drilling coincident 
with the rise in price of crude oil, and the low cost of leases in 
Kansas, as compared with Oklahoma, caused much attention to be 
given to the former state. 

Oklahoma contains the .southern extension of the Kansas field, 
and its production, which, came into prominence at the same time 
as Kansas, rapidly outstripped it in amount, and reaching 
56,000,000 barrels (7,700,000 tons) in 1911, fell to 51,400,000 barrels 
(7,000,000 tons) the next year, to rise agqjn sharply in 1913 to 
63,579,000 barrels ((S,8oo,ooo tons), and in 1914 to g8,000,000 barrels 
(13,000,000 tons). This increase was partly due to the phenomenal 
Cushing pool, which was exposed in 1912. Towards the end of 1914 
its capacity was estimated at about 250,000 barrels (34,000 tons) 
per day through the remarkable results attending the development 
of the Bartlesville sand. Many other districts contributed, 
including the Osage, the extension of the Hogshooter pool to 
the east, and of the shallow fields to the west; the developments 
between Bartlesville and the old Dewey pool; the developments 
in the immediate neighbourhood of Tulsa, and the new Wicey 
pool n^r Mounds. A new district in 1913, which became of 
importance in 1914, was the Healdton, Carter Co. The older 
fields are in the lands of the Cherokee, Osage, and Creek nations. 

The developnfent of Kansas and Oklahoma is an interesting 
study of rapid growth beyond the capacity of pipe lines and 
subsequent reaction in price of crude oil, over-production being 
accentuated by the inclusion of drilling obliga^'ons in Indian 
leases; a rapid rise in price always follows any symptom of the 
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pipe lines being able to cope with the production, for the refining 
companies are anxious to ensure their being able to work at full 
capacity. 

The Electra field in northern Texas has increased steadily 
from 1911, and in 1913 had a production of 8,000,000 barrels 
(1,100,000 tons). A promising field was brought in during 
1913-14 at Moran, in Shackelford Co. These oils are of high 
grade. The Corsicana district gives the heavy oil of the Powell 
pool, and the lighter oils in the immediate neighbourhood of 
Corsicana itself Henrietta (Clay Co.) and Electra (Wichita and 
Wilbarger counties) average about .819 (4I°B.), and show practically 
no sulphur or asphalt. The Electra, Petrolia, and Henrietta fields 
are located in the great belt of Permian “ Red Beds ” in northern 
Texas. In Louisiana the Caddo field is characterised by its 
variable production, which, since 1906, has increased to 9,781,000 
barrels (1,300,000 tons) in 1913. A district that has. come 
prominently to the fore is De Soto parish, but with the spread 
of development work other pools are likely to be discovered. 

Gulf Field .—This includes a great number of scattered pools 
in southern Texas and Louisiana, characterised by their production 
of an oil of an asphaltic nature with sulphur, the geological 
conditions differing from other American fields in that the oil 
is always associated with salt domes. From such pools the 
maximum production is soon reached, and tlien a steady decline 
ensues. The pools which have .so far yielded important production 
in Texas are Batson, Dayton, Matagorda, Humble, Saratoga, 
Sourlake, and Spindle Top; and in Louisiana, Jennings, Welsh, 
Anse-la-Batte, and Vinton. Many similar salt domes exist, but 
those tested have not yielded oil in payable quantities. The 
Gulf field first came into prominence in 1901, reached its maximum 
with 36,500,000 barrels (5,000,000 tons) in 1905, and declined, first 
rapidly, then irregularly, until in 1913 it remained practically 
constant at 8,500,000 barrels (1,200,000 tons). At the close of 
1913 the tendency to drill deeper in the vicinity of the various 
salt domes of the Gulf, field led to the striking of good gushers, 
approaching in dimensions those of the early days of the field, 
in which Sourlake had led the way. This practice led' to the 
production of a higher grade oil, green in colour. 
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Californian Oil-Fields .—Since 1909 California has yielded the 
largest production of any state in the Union, a position it formerly 
held from 1903 to 1906. In 1913 it reached nearly 100,000,000 
(97,788,525) barrels (14,000,000 tons). Although essentially a 
region of asphaltic oils, used orginally as fuel, deeper drilling in the 
Coalinga district of late has resulted in the discovery of higher 
grade oil containing paraffin: and improvements in refining have 
led to the general introduction of topping and dehydrating 
plants, affording improved fuel in addition to other valuable 
products. The fields lie scattered in the coastal region north of 
Los Angeles. 

After a small production, chiefly of heavy fuel oil, for many years 
in Ventura, Santa Barbara, Los Angeles, and Fresno counties, oil 
was discovered near Bakersfield in Kern Co. in 1899, and the Kern 
River field rapidly developed. This encouraged prospecting in 
many parts of the state, and rapidly increased the production 
of the Coalinga field i.' Fresno Co., and developed the Santa 
Maria field in Santa Barbara Co 

Before this time much prospecting had been carried on in the 
western side of the San Joaquin Valley, developing the Sunset, 
Midway, and McKittrick fields. Meanwhile the Sherman, Whittier, 
and other limited pools in and near Los Angeles had developed 
significant production. In 1910 and 1911 oil was di.scovered in 
the La Habra Valley and in the Lost Hills and Elk Hills. In 1912 
large wells of unusual depth were developed in La Habra Valley 
field, with large gushers in the valley fields, but a decline in the 
old Santa Maria field was registered. Natural gas was piped 
from the valley fields to Los Angeles, and gasoline was largely 
extracted from natural gas. About this time the Standard 
Oil Company withdrew from the purchase of oils heavier 
than .946 (18° B.). 1913 .saw no new pools discovered, but a 

number of large gushers within well-known oil pools, particularly 
in the Maricopa-Midway-Sunset and Fullerton fields. In this 
year no less thah* forty-eight wells were completed in California 
with initial yields exceeding 1,000 barrel* (say 140 tons) per day, 
and at least five in the Maricopa-Midway-Sunset field came in at 
initial yields of 10,000 barrels (1,400 tons) and over* 

Official returns give the number of producing wells in California 
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at the end of 1913 as 6,817, of which number Kern River claimed 
1,778. 

• The chief oil-fields of California are:— 

Ccunty. Oil Fir-ltls of Importame. 

Los Angeles - - l.,os Angeles City, Netvhall, Puente, Salt 

L-ike, Sherman, Whittier. 

Orange - - • Kullerton. 

Ventura - - - Santa Paula. 

Santa Barbara - - Lam|)OC, Santa M.iria, Sunimerland. 

San Luis Obispo 

Santa Clara 

Fresno - - Coalinga. 

Kern - - - Midway - Sunset - .Mariropa, Kern 

Kiver, MrKittrick, Lost Hills. 

Six to eight inch diameter pipe lines have been con.strucled 
from the more important oil-fields to the coastal refineries and 
.shipping port.s. From Kern River and Sunset oil-fields there are 
four 8-in. pipe lines leading to .San Francisco Ray, di.stances of 284 
and 279 miles rc.spectivcly, besides numerous connecting lines. 
Four 8-in. pipe lines connect the Santa Maria oil-fields with I’ort 
Harford. 8-in. lines, 154 miles long, connect Lo.s Angeles with the 
Midway field, and another takes the ]jrodiiction of the Los Angeles 
oil-fields. Other lines run to Monterey from Coaiiriga, no miles, 
from Orcutt to Port San Luis, 32 miles, and K! Segundo from 
Puente Hills district, about 23 miles. 

California fuel oil is transported to the Pacific coast ports, both 
northwards to Vancouver for railways and industries, and .south¬ 
wards as far as Chili for the nitrate “oficinas.” Panama has been a 
consumer in the past, and will doubtless continue to be the centre 
of an important oil-bunkering trade. 

Minor Oil-Fields. — Wyoming. — Since the year 1910 the 
production of Wyoming has made rapid strides, stimulated by 
the rise in [)rice of oil, as well as by the increased transport 
facilities. In 1910 it amounted to 115,000 barrels (16,000 
tons), whereas in 1914 it had risen to 4,500,000 barrels (620,000 
tons), the centre of the industry being located at Salt Creek, 
near Casper, in. National Co,, with another considerable develop¬ 
ment in the Rig Horn district at the opposite side of the state. 

Colorado. —.Having yielded a fluctuating amount for many years, 
the maximum of 820,000 barrels (110,000 tons) being in 1892, the 
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production of the State of Colorado declined to 150,OCX) barrels in 
1914, the bulk of this coming from the Florence field. 

Russia. —Baku Oil-Fields .—The oil-field,s of Baku att'-.ined 
world-wide fame in con.sequence of the prodigious yields of 
individual wells at a time when such great outputs were unknown 
elsewhere. Single wells have for weeks yielded daily an output 
equal to the total annual ])roduction of many oil-fields elsewhere, 
where hundreds of wells were being regularly exploited. 

Two of the world's greatest oil-fields lie within a few miles of 
the old Tartar citv of Baku. The lialakhany-Saboontchy-Romany 
field occupies an area of about 2,640 acres on a plateau a few miles 
from the Caspian Sea ; the Bibi-l'libat field is lf)catcd in a secluded 
bay on the Caspian .Sea coast, about 2 miles .south of Baku, and 
covers an area of apprf>ximate!y 1,000 acres. Both these fields 
make a striking impression upon a visitor, as the large number of 
.separate oil sources and the numerous small land holdings have led 
to an e.xtraordinary congestion of derrick.s. About the year 1901, 
from these tw'o fields of less than 4,000 acres was derived more than 
half the world’s production of petroleum. 

Ver\- great difficulty has been found in ^irilling wells in the soft 
I'ertiary clays and sands from which the oil is abstracted, and wells 
of 2,000-2,500 ft, cost iiio.ooo ('$50,000; or more to complete, and 
require a starting diameter of 3C-40 in. to ensure the requisite 
depth being attained with a workable .size. 

Sirfee 1908 the Surakhany district, to the south-east of the 
Romany oil-field, has been methodically drilled with marked 
success. The field was first operated for gas which saturated the 
shallow sands, the product being led to the oil-fields for burning 
beneath boilers. At one time as much as 16,000,000 cub. ft. of gas 
was dail^ piped from Surakhany for this purpose. Sometimes 
quite lat-ge supplies of white oil, sp. gr. .785, were .struck in 
association with the gas, hut the limited demand for light spirit 
o-ave this wonderfui oil no increased value. Deeper drilling, 
however, divulgcfrihc prcesence of the typical dark Baku oils, and 
work is now mainly confined to the exploitation of these sources, 
which have proved e.xceedingly prolific. 

In the neighbourhood of Baku other small oil-fields have been 
developed to some extent, including Binagadi, in 1017 
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245,0CXD tons (1,750,000 barrels) of oil were raised. There are 
numbers of known localities of great promise in the Apsheron 
district, and the natural exhaustion of the old fields already 
being felt will inevitably lead operators to test these areas, and 
compel the authorities to decide disputed titles which now 
embarrass prospectors. No better prospects exist anywhere than 
in some of the areas visited by the author in this part of the 
Caucasus. 

The oil from the Balakhany-Saboontchy-Romany-Surakhany 
oil-field is pumped to the refineries at Blacktown, a suburb of 
Baku, whilst Bibi-Eibat oils are conveyed by barge across the 
bay to the same spot. The main outlet for products is the 
Caspian Sea and River Volga, the lattei, however, being closed 
for navigation on account of ice during four months of the 
year. 

The Caspian-Volga trade is unique in .several respects. The 
southern parts of the Caspian are in mild climates, and the 
water never freezes, but the northern parts suffei from an Arctic 
winter, and the sea and river are frozen up. In the open months 
the accumulated stoci.-.s from Baku arc hastily transported in 
tankers to the Astrakhan road.stead, where the)- are transferred 
to barges for conve)'ance to Astrakhan, and thence to points on 
the Volga. The extensive delta makes it necessary to execute 
this work about 100 miles out at sea, where a floating marine 
town springs up with customs, police officers, shipping a^fents, 
medical ship, and other acce.s.sories of a typical shipping port. 

In 1S97 the Russian Government commenced the construction of 
an 8-in. pipe line from Baku to Batoum on the Black Sea, to relieve 
the congestion of traffic on the railway to that port. This line, 
completed in 1905, has a capacity of 1,000,000 tons (7,500,000 
barrels) of kerosene a year, and affords the one outlet for'Russian 
oils to the main ocean highways. The Transcaucasian Railway 
is capable of transporting about 1,500,000 tons (11,200,000 barrels) 
of petroleum products per annum, the joint facilities, consequently, 
enabling Russia to export some 2,500,000 tons (18,700,000 barrels) 
of oil products from the Apsheron oil-fields. 

Grosny Oil-Field .—The second field of importance in point of 
view of production is that of Grosny, which, in 1914, yielded 
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1,300,000 tons (9,500,000 barrels) of oil from an area of 
approximately 8,000 acres. The first well was sunk in the 
early nineties, by an Englishman, Mr Alfred Suart, and the 
field has never falsified the hopes of its pioneers. Situated near 
to the main railway line to the Caucasus, and conveniently 
located for export facilities to both Novorossisk on the Black 
Sea and Petrovsk on the Caspian, it benefits from a choice 
of outlets which are capable of great development with the aid 
of pipe lines so far only projected. 

The strata arc much more compact and less liable to cave 
than those of Baku, enabling wells to be sunk much quicker and 
more cheaply. The structure also differs from that of Baku, and 
the oil-fields follow for many miles a narrow belt along the flanks 
of a ridge, rising from the valley of the Terek. In 1912 an 
extension of the Grosny oil belt was proved at Bellik, where 
exceedingly productive wells were struck near the crest of a 
nearly symmetrical antidme. 

The refineries are erected along the railway near the town 
of Grosny, to which pipe lines from the field conduct the oil by 
gravit}'. 

On the neighbouring parallel range of Sunja there are excellent 
indications of oil, which have, so far, been left unprospected, but 
which will one day certainly develop important fields. 

C/n?/ Caspian Oil-Field .—The existence of a field of no mean 
potentialities has been proved in an area north of the Caspian Sea, 
and inland from the port of Guriev. Fierce summer heat, intense 
winter cold, scarcity of potable water, and absence of transport 
facilities, have combined to delay the development of this area, 
which had been proved by small operators many years ago. 
Exceedingly prolific wells have been struck near Dossor, and the 
field is capable of great developments. 

Two 6-in. pipe line.s have been constructed to Bolshaya 
Rakushka where refineries have been built, and oil is conveyed from 
thence to the Rb'ssian markets via the Volga. Owing to shallow 
water, submarine pipe lines have had to be laid to where steamers 
can lie in safety. 

The total concealment of the oil-bearing series beneath old 
Caspian Sea deposits over most of the area is a serious hindrance 
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to geological study, rendering elucidation of the structure difficult 
and slow. 

• Cheleken Oil-Field .—South of the port of Krasnovodsk, in the 
Transcaspian provinces, lies the island of Cheleken, for centuries 
renowned for its wonderful display of asphaltic and o/okcrite see¬ 
pages and deposits. Involved structures and inconsistent results 
have dispirited many enterprising ojjcrators, but during the 
years 1911-14, in the region of .-\li 'J’epc to the south-west of 
the island, e.vceedingly satisfactory results have been achieved, 
and wells of great yield have been struck at moder.ile depth.s. 
Endeavours to e.vtend the limits of a somewhat confined area 
have hitherto failed, and the fate of the island as a great oil-field 
is still uncertain. 

Cheleken petroleum is rich in paraffin wax. The crude is 
shipped to Baku for treatment in the Blacktown refineries. 'I'he 
production of the island reached a maxinnim in ipie, with -’09,000 
tons (1,500,000 barrels), and in 1913 it was iJ9,0i)o tons (950,000 
barrels). 

Mnikop Oil-Field .— .\ belt fringing the northern Hanks of the 
western extension of tljp Cauca.^us Mountains has. f.r \-eais, been 
the centre of a peasant oil industry. In 1909a fn-ld of considerable 
productivity was rcwcaled near .Shirvansk\-, v.heie several initial 
wells, only 281 ft. deep, yielded up to 50,000 lon^ (375,000 barrels; 
of high grade oil. 'J'hc limits (jf the riih pool [irovcd to be 
re.stricted along the strike, and never justified the large capital 
that wa.s .spent upon the undeveloped portions of the field ; and the 
mining regulations, framed on the basi^^ of the Baku oil-fields, were 
such as to discourage [)ros])cctor.s to explore far afield along the 
belt of indications. On 23rd March 1915 a large gu.shcr wa.s brought 
in at a depth of 1,320 ft. on plot 457, which lies about a mile down 
the dip, m relation to the horizon of the original .Shirvan.sky wells.' 
Up to 1915 the oil-field had given an rvutput of about 500,000 
tons (3,750,000 barrels; of oil. Pipe lines were constructed to 
Ekaterinodar and the port of Toiiap.se on the'lllack Sea, and 
refineries were built at likaterinodar and .Shirvaiisky. 

Central Asiatic Od-hields .—Excellent prospects were exitosed 

' i his well gave within nine tnonlhs yn.ooc^ Ions (525,000 barrels) of high 
grade oil. 
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in developing an area in the Fergana district of Turkestan. 
Paraffin-bearing oils were struck at workable depths in .some 
quantity, and in 1906 the output of the field reached 64,000 
tons (450,000 barrels). No great energy appears to have been 
displayed in following up the initial success, although the oil was 
largely sought for by the Government railways for fuel and freight. 

The area covered by the oil formations is ver\- great, and oil 
seepages are known to exist on both sides of the Hissar Mountains. 
The Hokhara side is remote, but the deposits in many respects 
arc similar to those of the Fergana fields. 

Many areas in the Transea.spian province give favourable 
indications of oil, but difficulties of transport, inacccs.sibility, and 
doubts concerning dis|)osal of output, ha\c di.scouragcd prospect¬ 
ing. Tho.se adjoining the Caspian shore near Cheleken have 
received slight attention comsidcring their interesting character. 

Siiinll Kus.si<iii Oil-!'iehls .— On l loly Island, lying off the 
northern coast of the Apsheron peninsula, a regular development 
has been proceeding for manv \'cars. Oil is obtained in payable 
quantities, and cither barged to the Hlacklown refineries for 
treatment, or added tliiect to liqiiitl fucl^ cargoes irroreeding to 
the Volga. The last officially returned j'ichl was 94,000 tons 
(680,000 barrels) in lOi.p 

Bcrekci, a district on the Caspian Sea shores, a few miles 
north-west of Derbcnt, attracted great attention in 1903, on 
acco'ufit of tl’ic striking of several highly prolific wells that gave 
initial yields of 300-700 ton.s (2,000-5,000 barrels) daily. Water 
troubles arose that appeared insurmountable, and eventually most 
operators abandoned the field after it had produced from 50,000- 
75,000 ton.s (375,000-565,000 barrels) of oil. 

At many spots in the Caucasus remarkable and unmistakable 
indicatJbns prove the c.xistcnce of oil in large quantities, and in 
many cases trial w-ells have alread)' demonstrated the fact. These 
areas are often held on insecure tenure, or located so unfortunately 
for transport of‘plant and materials and snbsc(|ucnt di.spo.sal of 
products that business men decline to proceed further at the 
moment. In the Taman peninsula, around Lake Baikal, in the 
Uchta district of .-Archangel, and on tlic Russian gart of Sakhalin, 
oil ha.s been discovered. 
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Roumania. —Bushtenari Oil-Field .—Along the southern and 
eastern flanks of the Carpathian Mountains, which make a sharp 
sweep and form the northern and western boundaries of the 
country, many spots had been the centre of a small peasant oil 
industry long before the scientific extraction of oil was entertained. 
The first field to attract widespread attention by its richness 
was Bushtenari, which, until 1909, yielded the main supplies of 
the country, and established the reputation of Roumania as a 
safe source of oil supply. The oil of Bushtenari was of an 
asphaltic base, but rich in ilkiminants, which were for years the 
main objective of Continental refiners. 

Campina Oil-Field .— Interest was next diverted to Campina, 
.some 4 miles westward of Bushtenari on the same anticline, 
where immen.sc productions of paraffin-hearing oils were struck 
at inconsiderable depths. Like Bushtenari, this field is yielding 
declining productions, the deep wclhs failing to respond, like the 
upper sources. 

At many points between these two fields oil in les.s quantities 
has been, and is being extracted, the main centres being at 
Doftana, Calinct. and Telega, 'vherc the oil is of an asphaltic 
base. To the south of this extended field of operations water 
led to spasmodic and irregular results, which scared cautious 
operators, but in 191 i a subsidiary fold was located at Chiciura, 
along which some very productive wells have been struck in 
both an easterly and wc.sterly direction. Active operations M?ere, 
in 1912-13, initiated at Chiciura, Gropi, Runcu, Grausor, and 
Tonteshti, and there is every evidence that this line will connect 
up with Bordeni, a field to the eastward, which has yielded large 
supplies of oil especially rich in benzine contents. 

Moreni Oil-Fields .—One of the great surprises of the country 
was Moreni, where a clearly defined anticline was known tO exist, 
and where a peasant industry had long been conducted by 
operating hand-dug shaft.s. Wells drilled to depths of 1,000- 
2,000 ft. have yielded prodigious supplies of OH, and wells of 
100,000 tons (750,000 barrels) capacity have not been uncommon. 
One well, between 1912-14, yielded 400,000 tons (3,000,000 barrels) 
of oil, and as its ^advent synchronised with high prices it probably 
constitutes a world’s record for remunerative reward. 
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To the west of the Moreni (Stavropoleos) field is Gura Ocnitzi, 
vhere satisfactory though not startling development has continued 
or many years, and to the east is Moreni (Bana), which has puzzled 
geologists and operators by the many peculiar features it presented. 
Here, in addition to the proving of oil on the southern flanks of the 
inticline as at Moreni (.Stavropoleos), a shallow field of strictly 
imited proportions was opened up on the northern flanks, where 
.veils gave often 5,000-10,000 tons (57,000 barrels to 75,000 
barrels) of oil containing as much a.s 40 per cent, benzine. The 
liscovery of this field at a time when benzine was in great request, 
:rcated quite sensation, as sales could be readily effected on the 
'pot at per ton ('$2.50 per barrel), when initial yields of lOO 
:ons (750 barrels) daily per well were not uncommon. Deeper 
drilling at Bana in 1914 disclosed the existence of paraffin-bearing 
sils in a different geological horizon, and large flowing wells were 
itruck. 

Filipeshti-Baicoi OF Fields .—Along the same anticline several 
jther fields of commercial importance have been located. At 
Kilipeshti de I’adurc, 5 miles ea.st of Moreni, where a perfect 
symmetrical anticline is ob.servable, paraffin oils are struck at a depth 
of 5,000 ft., but the high cos( and lengthy process of drilling act 
naturally as a deterrent to producers of modest means, especially 
IS wells har e proved on the whole .somew'hat disappointing. At 
Baicoi and Tsintea, 4I and 7.) miles east of Kilipeshti, startling results 
have'alternated with bitter di.sappointments, which in turn attract 
and repel operators from the field. The structure of both fields is 
so intricate, and the uncertainties so ])ronounced, especially at 
Baicoi, that onl\' those endowed with the greatest optimism and 
ample resources have been incluced to test their luck. Cheapened 
methods of drilling and a few good strikes are attracting renewed 
attention to the Baicoi field. 

Baicoi oil i.s in demand on account of its richness in light 
products, but Tsintea oils are heavy, and usually realise 40-60 per 
cent, less in thc<n.arket than the standard varietie.s. 

Buzau anS other small Oil-Fields.—'Wa Bcciu oil-field, in the 
province of Buzau, has attracted attention on account of the sus¬ 
tained though small \’ield of individual wells and^ the exceptional 
quality of kerosene the crude oil yields under distillation. The oil 
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issues from compact strata instead of loose sands, as in mos 
Roumanian oil-fields. 

Other oil-fields of uncertain value have been disclosed at th( 
following places :—Moineshti, Solonti, Zcnies, Tetcani, Campeni am 
Casin in Hacau, Sarata and Ilerca in Jtuzau, Glodeni and Ochiur; 
in DamboM'ta, Apostolaciic, Popeshti, Vnlcancshti, P(iiana, Ihiciireti 
and Matita in Praiaiva ; but althouj.di the jircsence of petroleum 
has been demonstrated, anrl geolorjical conditions I'ustifv' a certain 
amount of optimism, the results arc not _\ et sufficiently conclusive 
to classify the areas under proved oil-fields. 

The oil inilustry of Koiimania is mainly centred at Ploi.-.shti, ,i 
town of 50,000 inhabitants, around which the main refinerii^s of the 
country ha\e been located. To this town there is .1 system of 
private and public pipe lines from all the ini|)ortant oil-fields, with 
intcr-communication between the refineries. The .Stcaua Komana 
refinery, of a capacity of about 2,000 toils 15.000 barrels; d'aih', i.s 
at Campina, and at Tehana Voda on the Danube there is also a 
refiner}', besides one nr two at Tarnoviste. 

Reah’,sin{^ the injury suffered In- a piogressixe nidustn in the 
ab.sence of free facilities for export, the (.io\ ei nment has at length 
undertaken the construction of a trunk |ii|ie line to (lon.stanzia. 
h'or years the whole of tlic export oil, excejit such as was taken bv 
neighbouring countries, was come_\'ed ly tank wagons on the 
Roumanian railways to C'onstanzia, but the congestion cif traffic 
and scarcity of tank cars was stilling the growth of one of thS ^hief 
industries of the countiy. 

The port of Gonstauzia is on the Black .Sea, 170 miles from the 
main oil-fields of the country, and is destined to become incrcasingl)- 
important in the near future. A vein perfectly designed oil port 
and storage in.stallation was constructed at Constanzia when the 
magnitude of the oil business was first realised by the Government, 
but with the pipe-line connection exporter.s will naturally prefer to 
transfer their refineries to the coast. 

Foreign capital has played an im[)ort,nit part iiT'i'he development 
of the Roumanian oil industry, there being large investments by 
Knglish, French, German, and Dutch capitalists. 

Galicia.— The rapid expansion of production in Galicia, 
following on a long extended graduaf growtii, and succeeded 
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by a rapid decline, has drawn much attention to these most 
interesting fields. 

Oil was known for a very long time, and appears to have had 
its uses recognised as early as the eighteenth century, towards 
the end of which a production of 7 tons per annum is recorded, 
obtained entirely from .seepages or .shallow excavations. Between 
IS10-17 burning oil was successfully distilled from the crude, but 
attempts to create an industr\’ came to nothing, and the real 
founder was A. .Schreiner, who, in 1S53, with the aid of some 
Lemberg ('I.wow j chemists, established small refineries at various 
centres. 

M.uid drilling was introduced at Borj’slaw in i(S63, and at 
Bobrka in 1.S03, and in iktiy .A. I•'auck began ii.sing the cable 
system at Kleczany. The difficulties due to disturbed geological 
conditions were not lessened by the .scarcity of good ca.sing, 
and it remained for the Canadian .system, as brought by 
\V. II. MacGaiwey in iM.Sj to King, to enable real progress in 
drilling to be chronicled, The old one metre square hand-dugs 
rould attain a depth of lou 111. , tjS ft.'; the old cable drilling 
r.'irel)' achieved more than _’ao in.. (ijii ft.), but the Canadian system 
has been mollified and adapted, so that wells have now been 
drilled little short of 6,000 ft. (laliclan oil-fields require deep and 
expensive drilling. In 1913 there were in Boryslaw-Tustanowice 
253 wells over 4,000 ft, deep. 

Tile production, which in i.SSj liail grown steadily to 45,600 tons 
1330,000 barrels!, reached 71,(100 tons (515,000 barrels) in i.SSp, 
and then in 19OJ a test well was drilled at Boryslaw to 3 ,(XiO ft., 
a district where the carl\’ actii ity in shallow oil had, during the 
'sixties and 'seventies, gi\en place to a feverish “ fossicking ” after 
ozokerite. The result of this well was a 3,000 barrel gusher, and 
Galiciafi production progressed by leaps and bounds, passing 
the million tons in 1907, doubling this figure in I9r(9, and falling 
back to it again in up 3. This meant that Boryslaw and its 
extension, Tn.sWttowice, absorbed all attention of Galician operators 
and in i90S''^roduccd 95.3 per cent, of the total production ; in 
1913 the ratio was onl)- S3.5 per cent. 

The rapid progress in production referred to above subjected the 
industry to the problem of a large excess production above the 
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needs for home consumption, and quantities had to be exported. 
Attempts to regulate the export trade by the formation of 
“ cartels ” among the refinery owners have all hitherto proved 
failures. The price of oil declined from the earlier 'nineties, being 
then about ~ kr. per loo kg. (nearly ,£’3 per ton), and in 1907 had 
become critical witli a minimum price of 80 h. (about 7s. per 
ton). In 1911 the lowest price reached 60 h. (5s. per ton). To aid 
the industry, the Government was prevailed upon in 1910 to erect 
a large topping plant at Drohobycz, with a view of utili.sing the 
residuals as fuel on the State railways and in the Austrian Navy. 
They purchased in 1910 819,700 tons (5,900,000 barrels), thus 
drawing on the previous year’s stock to the extent of 600,000 tons. 
This refinery has a capacity of 500,000 tons (3,600,000 barrels) 
per annum, which, however, has not been attained, the maximum 
throughput of 372,000 tons (2,700,000 barrels) being in 1912. 
In 1913 the State railways partially abandoned the u.sc of liquid 
fuel. Another important influence on the market was created 
by the formation of the Union f)f Troducers to store and market 
the crude oil produced, which has not been subject to the vicissi¬ 
tudes of the “cartel.s." Producers sell their crude oil to the Union, 
or if they are refiners as well, the excess of their production only, 
receiving a certain propc rtion of the (rrice ir cash, the balance 
to be received when the annual accounts are made up. 

These influences came into play just when the highest pro¬ 
duction had been reached. The result was a steadying up in 
prices, followed by their i.iflation, and a turning of the (rroducers 
back to the neglected outlying ficld.s, particularly at Hitkow to 
the east, and around Krosno in western Galicia. Large amounts 
of capital were invested here in 1912, 1913, and to the beginning 
of the war, much of nhich had seen no return up to the latter 
date. 

Eastern Galician Oil-}<ields. — Boryslaw- Tusfannvice .—Boryslaw 
was well known for its seepages, and was the source of the oil 
for early refinery experiments. More particT/larly, the 1853 
developments led to a demand for oil, and a con.se'quent sinking 
of hand-dugs. The first drilled well was in 1862, and about this 
time the value ^of the ozokerite met with in the hand-dugs, was 
realised, leading, as we have seen, to loss of interest in Boryslaw 
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as an oil centre. The Canadian system was introduced in 1896, 
early wells being drilled to 1,500 ft., and henceforward develop¬ 
ments were rapid, leading to deep drilling in 1902, extension to 
Tustanowice in 1904, and growth of production as has already been 
seen. The Boryslaw anticline, an asymmetric fold much subjected 
to strike and also dip faulting, with older formations thrust over 
the productive Oligoccne, pitches to the east under Tustanowice, 
Truskawiec, and Dobrohostow. In Tustanowice oil has been 
struck at 5,000 ft., whilst before the war wells were being drilled 
further cast to 5,800 ft. and over. 

The production nearly doubled itself in 1907, whilst the 
maximum was reached in 1909, with 1,700,000 tons (12,000,000 
barrels) for Tu.stanowice, and 250,000 tons (1,700,000 barrels) for 
Boryslaw. In 1911 serious water trouble was met with in certain 
parts of Tustanowice, doubtless aided by the big strike faults, 
leading to rapid decline, so that in 1915 the Tustanowice production 
was only 691,000 tons ; 5,000,000 barrels), and Boryslaw 205,900 
tons (1,500,000 barrels). Bor' slaw oil is very rich in paraffin, 
is a gooel oil of .S50-.860 gravity (34 -32 B.); it forms the standard 
market grade for Galicia, the price of other districts fluctuating 
accordingly. 

South and south-west of Boryslaw-Tustanowice lie two parallel 
but less jiroductive oil zones, Mi-asnica-OroiV, 2 km. away, and 
Opaka-Schod7nca-lJrycz, km. further on. Both arc producing, 
Mrazdica giving oil very like Boryslaw, but williout as much 
paraffin, and of .S73 (30° B.) gravit}-, whereas in Schodnica oil of 
variable gravity and colour is found, often with considerable 
paraffin contents. In 1914 deep drilling was proceeding along both 
zones. The production in 1913 was 29,550 tons (212,000 barrels) 
from Schodnica: whilst Urycz and .Mraznica gave 8,000 tons 
(57,000TDarrcls) and 1,600 tons (i 1,000 barrels) respectively. Drilling 
wa.s commenced at Schodnica in 1894, although for twenty years 
previous, production had been obtained. In 1900 the Schodnica- 
Uryez product)^ reached 185,000 tons (1,330,000 barrels), since 
when it has gradually declined. 

Bitkow .—Next in importance to Boiyslaw-Tustanowice in 1913 
was the production Bitkow, situated west of Nadworna, in a very 
hilly district in south-eastern Galicia. Production has proceeded 
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since the spring of 1899, but since 1911 more attention has been 
devoted to it, and with considerable success. The production of 
1913 was 36,700 tons (275,000 barrels), a 13 per cent, increase 
on the previous year. The oil, which is high grade, with gravity 
.764 (53° B.), comes from a depth of 1,800-2,000 ft., and is worth 
double the price of Boryslaw oil. Pasiccznn^ 3-4 miles south-east, 
was for many years the site of small production, whilst northwards 
lie Starunia, Maidan, and Dzwinincs. At Starunia-Dzwiniacz are 
ozokerite deposits occupying a corresponding position in this field 
to Boryslaw in the last mentioned one. Sloboda Rungurska, at 
one time the chief producer in Galicia, lies ea.st of the railway; 
and still further towards the Bukowina is Kosmacz, with a pro¬ 
duction of 2,460 tons (18,000 barrels) in 1913. The Sloboda- 
Rungurska production declined from 1887, and in 1913 was only 
3,460 tons (26,000 barrels). 

Westeyn Galician Oil-Fields .—There are many fields,'some of 
which have in the past given fair yields, others small, but which 
have received much more attention since 1912. An important 
group of fields lies around Kro.sno. 

Bohrka .—The first field to be e.^ploited systematically was 
Bobrka, gradually extended through Wiclrzno, Koivne, and Regi. 
It lies .some 7-8 miles south of Krosno, and oil has been worked 
at Bobrka for over fift}’ years from a compressed anticline in 
Oligocene beds, the first well being drilled in 1863. The Canadian 
system was introduced into this field in 1885, and production 
increased rapidly, many flowing wells being obtained from deep 
sources. In Rowme one well reached 3,600 ft. The oil has a 
gravity of .870 (31° B.). The production, which in 1904 was 57,280 
tons (410,000 barrels), when Rogi was at its best, fell to 8,000 tons 
(57,000 barrels) in 1913. 

Potok. —I’otok, lying north of Krosno, is one of the good 
fields of Galicia. An Eocene anticline pitches north-west from 
Toroszowka to Potok, and gushers were common in it. The pro¬ 
duction in 1902 for the whole field was 32,580 tons (234,000 
barrets), and in 1913 it had fallen to 12,750 tons (9-2,000 barrels). 
The oil is brown with a gravity of .800-.850 (45°-34.5° B.), gives 
22 per cent, benzine and 50 per cent. kero.sene. A 'pipe line 
connects to the'station at Jedlicze. South-east of Toroszowka lie 



Western Galician Oil-Fields 


Kroscimko-Nhne and Wysne, which produced 5,600 tons (40,000 
barrels) in 1913, and a fluctuating amount of like order for many 
years. A short distance north-east lie Zmienica and Tur::epole, . 
with an Eocene fold which gave 2,500 tons (18,000 barrels) in 1913 ; 
and still further north-east is a line of Cretaceous inliers in 
Eocene rocks. At one of these inliers, Weglowka, a production 
of 7,500 tons (53,000 barrels) was obtained in 1913, whilst in 
1906 it was 11,860 tons (85,000 barrels). The inliers extend south¬ 
east in the direction of Samk, as far as Grnhownica, and have been 
worked in a small way at shallow depth, yielding very high grade 
nil. The only other locality giving any notable production in 
1913 in this zone was Humniskn, with 2,300 tons (17,000 barrels); 
in 1904 it gave 5,300 tons (37,000 barrels). 

Midway between Sanok and Chyrow lies a field with pro¬ 
duction at IVankowa, Brelikow, Lesscsotvate and Ropienka, of 
17,800 tons (128,000 barrels) in 1913, It had 36,000 tons (260,000 
barrels) in 1901. Thee is here a compressed Eocene anticline 
between Oligocene folds. 

South of Sanok lies the Zagors, Wielapole and Tarnawa field, 
much faulted and with complex structure.^ Many but short-lived 
gushers have been obtained, usually from a depth of i,6oo- 
2,300 ft., and are much subject to the influence of fissures. After 
being worked during the early ’nineties, the field was abandoned, 
but has since been restarted, the production iji 1913 being 4,850 
tons f3'5,ooo barrels). 

Gorlice District.—Mutviccn Jaslo and Gorlice are many fields, 
mostly lying east of the railway. Much of the early history of 
the Galician oil industry was here evolved, the first refinery being 
built, as we have already noticed, at Kleczany, in 1858, by Ignaz 
Lukasiewicz. Kleczany, the most westerly field in Galicia, was still 
producing 20 tons (150 barrels) in 1913. It yields an amber 
coloured oil with 15-20 per cent, of vaseline, a production of one 
barrel per month being profitable to work. The wells are long 
lived; its maxiiyfBm production was 840 tons (6,000 barrels) in 
1897. 

The Canadian system of drilling was first employed in Galicia 
at Kryg in 1882, and for many years the Gorlice district remained 
the principal one in Galicia, the bulk of the Gorlice production 
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being still obtained around Kryg at Kobylanka, Libussa, Lipin 
Domtnikowice and Mecina Wielka, which together produced io,0 
tons (73,000 barrels) in 1913 ; the only other important products 
in these parts in that year came from Klimkowka, south of Gorli< 
with 7,100 tons (52,000 barrels), where considerable drilling intere 
is now centred, wells having depths of 1,500-1,800 ft, and ; 
Harklowa and Pagorzyna, south of Jaslo, where 3,700 tons (27,0c 
barrels) were obtained 

Germany. —There are a number of small oil-fields in German 
which produce a limited quantity of heavy petroleum. The bul 
of the production comes from the Celle district. 

Hanover .—A very interesting occurrence of oil in associatioi 
with salt masses in a complex structure of Mesozoic rocks, com 
pletely hidden beneath recent formation. Oil struck at shallov 
depths is heavy, gravity .940 (19” 11.); at greater depths lighter oi 
is struck. Wells arc drilled to 500 ft. and 1,500 ft., but operation 
are impeded by quantities of salt water. Wells are rarely of grea 
capacity, though often long lived, and flowing wells are rare, th« 
largest having given 300 barrels in one day. 

Drilling commenced in 1889, and production increased gradually 
to over 110,000 tons (800,000 barrels) in 1908, from which figure it 
gradually sank to 63,000 tons (450,000 barrels) in 1913. The 
industry is now controlled by the Deuische Bank, and energetic 
steps were being taken in 1914 to push the production. The price 
of crude oil is very high (13 M. the too kg.). •* 

At Hdnigsen - Obershagen the production was 7,400 tons 
(53,000 barrels) in 1913. 

In Lower Alsace a growing production from drilled wells 
has been obtained since 1880, principally at Pechelbronn, 9 
miles north of Hagenau. The occurrence is connected with 
the great trough fault of the upper Rhine valley, the field 
being located near the northern end of the Vosges Mountains. 
Oil is found both in Tertiary and Mesozoic rocks, varies from 
.880-.900 gravity (29“-25' R.), and close on i,8(S: wells have been 
drilled to depths up to 1,300 ft. The estimated total production 
in 1913 was 140,000 metric tons. Previous to commencement of 
drilling, the asphaltic sand had been mined since 1742, the’ increase 
of depth revealing the oliferous origin of the asphalt. 
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India. — Burma .—The oil-fields of Upper Burma have steadUy 
acquired increasing importance, and achieved fame by the ;;reat 
profits earned in recent years by the leading operating company. 
For many years the restricted production was drawn from shallow 
wells at Yenangyaung and Yenangyat. .some 300-350 miles north 
of Rangoon, on the Irrawaddy River, Deeper drilling in the 
Yenangyaung field, by an enterprising operator, disclo.sed the 
existence of much richer sands than had been hitherto suspected, 
and the industry quickly leapt into considerable prominence. 

Yenatigjming is being actively exploited by a number of 
competing interests, which have acquired well sites of small area 
from hereditary native owners. Wells are sunk within a few feet 
of each other, and much competition is displayed in the race for 
deeper new sources. The upper .sands are becoming commercially 
exhausted, and deeper drilling is annually undertaken in the search 
for new .sands. Wells arc now drilled to a depth of nearly 3,000 ft. 
The southern section o. the field, known as Berne, has proved 
disappointing. 

The Singu field is located on the southern section of a 
range of hills flanked by the Irrawaddy. ^ Below 2,000 ft. rich 
oil sands have been penetrated and worked along a distance of 2 
miles, near the crest of an anticline running nearly north and south. 

An oil - field which will one day attract activity is the 
Yenangyat, which follows the western banks of the Irrawaddy 
tor abotit 20 miles, and has then been proved at intervals for 12 
miles further northward. Only a few plots have been methodically 
operated, but the light density of the oil will certainly eventually 
lead to its active development. 

At Minbu, 20 miles south of Yenangyaung, an oil-field has 
been worked with some measure of success, and in the Chindwin, 
150 miles north of Yenangyaung, a field has been proved, and 
steps are being taken to transport oil to a convenient point 
on the river. 

( 

Numerous dis^ncts in Burma show promise, and the delay 
in prospecting may be chiefly attributed to their distance from the 
river, the main artery and medium of transport of the country. 
The production of Burma in 1904 was 440,000 tons (3,300,000 
barrels), and in 1914, 1,100,000 tons (8,250,000 barrels). 
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Until 1908 all oil was transported from the oil-fields to the 
efineries at Rangoon by barges on the river; two barges, each of 
bout 500 tons (3,7CX3 barrels) capacity, being towed by a tug boat. 
The Burma Oil Company now conveys its oil by a pipe line from 
iingu and Yenangyaung to Rangoon, a distance of 275 miles. 
There is a small refinery at Yenangyat, from whence the Upper 
furma trade is fed, but the main refineries are on the river near 
langoon, where there is sufficient depth of water for tankers of 
irge capacity to approach for loading. 

Assam .—The frequency of oil indications in Assam had been 
he subject of comment and even investigation for nearly forty 
’ears before active prospecting was undertaken by the A.ssam 
)il Company. Pronounced indications of oil are said to be 
pread over an extensive area in eastern Bengal, A.ssam, and 
a the neighbourhood of Chittagong, where certain indecisive 
irospecting has been carried out. It is likely that many 
ivourable structures will be eventually disclosed in the large 
lumber of parallel ranges of hills that traverse this little examined 
listrict. 

As.sam oil is derived from strata of Tertiary age on anticlinal 
olds in the north-east of the province, where it is usually 
•ssociated with coal, also worked to some ev;tent. The Assam 
)il Company’s works are at Dighoi, some do miles distant from 
i)ebrugarh, on the Brahmaputra River. Wells sunk in disturbed 
trata yield for a time good supplies of paraffin-bearing oil, 
lut the drilling difficulties are great, and the productions have 
leen insufficiently sustained to enable the company to make very 
ubstantial profits. A refinery has been erected at Debrugarh, 
fom whence the various produced products are distributed 
ilong the Brahmaputra River. Assam produced in 1898 about 
!,200 tons (16,000 barrels), and in 1913 the production \^as 18,000 
ons (133,900 barrels). 

Japan. —The existence of oil has been long known, but only in 
;865 were serious endeavours made to devefSp^ the fields which 
ixist in Yesso and the northern part of Hondo.Early attempts 
inded in failure, and success first attended the efforts of the 
'Jippon Oil .Company, founded in 1886, who introduced the 
American cable system. At first numerous small producers came 
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into existence, but gradually these were absorbed by the Nippon 
and the Hodcn Oil Companies, the former taking over the 
International Oil Company, an offshoot of the Standard, in 1907. 
The oil-fields of Formosa became of importance in 1905, when 
drilling was performed in fifty-three districts, but wells were short¬ 
lived. Now the two big companies have entered that island, 
the Nippon Company at Konais/ui, in the southern part of the 
island, the Hoden with good results at Byoritsu, in the north. 
Formosa now produces half the home consumption.^ 

Recently the Nippon Oil Company has introduced the 
rotary method of drilling with marked success at Kurokawa, in 
the prefecture of Akita, where, on 25th May (914, at a depth' 
of 1,368 ft,, a well*was brought in at 480,000 gahs. per day, but 
was capped, and at the end of the year was giving 1,700 tons. 
Another well, drilled in on ist September, gave 5,500 barrels. 
The company is laying a pipe line 9 miles to the port. 

The production in the first half of 1914 was 130,000 tons. 

The Nippon Oil Company l as three refineries at Kashiwazaki, 
Naoyetsu (formerly the International), and Niitsu respectively, and 
owns nearly 100 miles of pipe lines. , 

The Hoden Oil Company has absorbed 140 different 
companies, and possesses 1,500 wells. It has six refineries, 
treating 17,000 barrels crude oil per month at its largest in 
Kashiwazaki, the crude coming from Nishiyama. Other re- 
fineries arc at Nagaoka, Niitsu, Nuttari, Nagaoka (No. 5), and 
Sekiya. 

Central America.—Mexico is the only Central American State 
in which important oil-fields have been developed. Honduras is 
reputed to afford numerous and extensive indications of jjetroleum 
on the Caribbean coast line. Oil is said to e.xist in the Republic 
of Panama near the Costa Rica frontier, and seepages have been 
reported from Nicaragua and Guatemala. 

Mexico .—Mexico has rapidly risen in importance as an oil 
producer. Although this is mainly due to the development, of 
two areas, each with a few phenomenal producers, viz., Potrero del 
Llano and Juan Casiano, many other areas are definitely proved 


' Petroleum, ist April 1914. 
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capable of large production, and it may now be said that from 
Vera Cruz to Tampico is practically one oil-field. 

In 1911 Mexico rose from seventh to third place in inter¬ 
national importance, and in 1913 produced over 25,000,000 barrels 
(3,500,000 tons). In 1907 the production was e.stimated at 1,000,000 
barrels (140,000 tons). The Oil and Gas Journal estimates the 1914 
production as follows :— 



Barrels. 

Tons. 

Southern Fields (Tu.xpain di-strict) 

i 8 > 83 o ,359 

398,679 

2,690,000 

Topila. 

59,000 

I'anuco. 

Miscellaneous (includinj; Chila-Salinas 

5,058,870 

720,000 

and Ebano-Chijol) - - - . 

1,118,995 

159,000 

Isthmus.of Tehuantepec 

328,500 

45,000 


25,735,403 

3,673,000 


Me.xican progress dates from 1904, when on the Ebano field 
a well was brought in which was still flowing in 1915. From 
3rd April 1904 to 12th April 1912 it produced 3,450,123 barrels 
(500,000 tons), and at the latter date wa.s giving 300-1,000 barrels 
(45-150 tons) daily. In 1905 the Pearson interests discovered- 
the San Cristobal field, whilst on 4th July 1908 they struck 
the famous Dos Bocas well, the whole output of which was lost 
by fire. In 1909 the Juan Casiano field was proved "by the 
Doheny intere.sts, where one well. No. 11, has produced over 
27,000,000 barrels (3,850,000 tons). 1910 saw the Potrero del 
Llano field proved, where No. 4 well has produced 25,000,000 
barrels (3,500,000 tons), a large part of which was lost by 
fire and otherwise. In the neighbourhood of Tampico, in 
addition to the Ebano field, very important developme'nts have 
taken place at Panuco, Topila, and Chila-Salinas. The Isthmian 
fields have not so far produced large quantities, and many 
causes have hindered the development of TaBa^co and Chiapas, 
where indications are favourable. ' 

The oil of the northern fields is usually essentially a fuel 
oil. On the isthmus of Tehuantepec, and in small quantities 
in the north, higher grade oils have been obtained. 
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The handling’ of Mexican oil is being gradually simplified 
and cheapened by the construction of pipe lines, as is the 
development of the fields by railways, h'rom Potreio del 
Llano an 8-in. line runs to Tuxpam Bar (33 miles), at which 
spot the Furbero oil is shipped by submarine pipe line to 
vessels at anchor. From I’otrero also a 6-in. line pas.ses through 
other fields and delivers to Tampico, viti the Tamiahua Lagoon, 
across which the oil is shipped in barges. Kight-in. lines connect 
Tanhuijo with Tampico, and San Diego to Los Naranjos. 

From Juan Casiano a treble 8-in. line connects with Tampico 
(65 miles), whilst a double 8-in. line is laid to Cerro Azul (22 miles), 
an 18-mile branch taking in Tres Hermanos. The Southern 
Pacific interests have an 8-in. line from Panuco-Topila to Tampico, 

and from the Chila-Salinas field an 8-in. line connects to the 

* 

Panuco River. F'rom P'urbero a 6-in. line 53 miles long connects 
to Tuxpam, and from El Alamo (the Pennsylvanian Mexican 
Company) 28 miles 01 8-in. line are constructed to the same 
port. Altogether in 1914 there were 425 miles of 8-in. line in 
operation in Mexico, and 50 more in construction. Pearson’s have 
a narrow gauge (24 in.) railway from Cues^llos on the Tancochin 
River to Los Naranjos, 12 miles in length, with one from La Pena 
to Potrero del Llano of the same gauge, 25 miles long. The 
Huasteca Petroleum Company owns 30 miles of 36-in. gauge 
railway from San Geronima to Cerro Azul, which is to be extended 
another 23 miles. The Penn.sylvanian Mexican Company has 14 
miles of narrow gauge line from Zapatal on the Tuxpam River 
to El Alamo, and the Oil-Fields of Mexico Company have 45 
miles of 24-in. line from Furbero to Cobos on the Tuxpam River. 

The main refineries are at Tampico and Minatitlan, but much 
oil is exported without treatment. 

West Indies. —Trinidad alone has so far given proof of the 
existence of payable oil-fields, but indications of oil occur in 
Barbados and Hayti, and there are somewhat important deposits 
of asphalt in Cuba, said to be a.ssociated with oil. Asphalt has 
been obtained'off the coast of Tobago. 

Trinidad .—This island is fulfilling the anticipations of those 
closely allied with its pioneer work. Detailed geological investiga¬ 
tions and exploratory drilling have confirmed the early impressions 
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of the author that the La Brea district would develop the most 
prolific oil-fields. Many wells from 700-2,000 ft. in this part of 
the island have yielded productions of from 5,000 tons (37,000 
barrels) to 50,000 tons (375,000 barrels) within one to three years, 
and sufficient area is now proved to justify operations on a scale 
that would ensure a large and .Sustained export. 

The development of the island has been impeded by scarcity of 
roads in the oil districts, and absence of transport facilities, whilst 
the health problem gave grave cau.se for anxiety until the forests 
were cleared and drained, and mosquito-proof buildings were 
erected. 

Manifestations of petroleum on a phenomenal scale are to 
be observed at many points in the .southern half of the island, 
and especially along the crests of anticlinal fold.s, often sharply 
inflected, which cross the island from wc.st to east. At some six 
localities on these parallel anticlines commercial productions of oil 
have been proved by operating concerns within 6 miles' radius 
of the Pitch Lake. The oil of this district varies in density from 
.900-.970 (25°-14^ B.), and is essentially a fuel oil. 

Near Tabaquite a sjaarply folded anticline has been successfully 
developed, where oils of a density of .790 (47" K,), yielding 70 per 
cent, of benzine and lamp oils, are obtained at a depth of-only 
400 ft. At Guayaguayarc and Palo Seco, on the main southern 
anticline, oils of light density have been struck in fair quantities, 
at moderate depths, and many seepages of light oil bear visual 
testimony to the wide distribution of high grade oils. The 
seepage at Lizard Spring, inland from Mayaro Beach, is probably 
one of the most important light oil issues ever recorded, gas and 
oil issuing in considerable quantities from numerous fissures in the 
strata. 

Trinidad oils of the heavy type arc now largely exported for 
fluxing asphaltic road mixtures, and to some extent treated for the 
production of “ reduced ” oils for road application. The residue of 
the dense oils forms an ideal road dressing, and*s largely employed 
on the public roads of the island. 

Oils of light density like Tabaquite, Guayaguayarc, and 
Barrackpore y^ld high grade refined products, the former yielding 
in a local distillery about 40 per cent, of high grade petrol of .730 
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(62'’ B.) gravity, and a lamp oil which can be burnt in ordinary 
lamps without refining. 

Barbados .—In the Scotland district of Barbados there are 
numerous and unmistakable indications of oil amidst the disturbed 
Tertiary .strata that protrude from beneath the coral limestone 
in the district. A small production was at one time obtained near 
Turner’s Hall by an operating company, and a refinery located on 
the seashore, 3 miles north of Bridgetown, produced distillates 
that found a local .sale. The petroleum was of an asphaltic base, not 
rich in light oils, but very suitable for the production of lubricant.s. 

The island has for a century exported a heavy oxidised oil 
under the designation of “ Barbados tar,” and a native bitumen, 
“ Manjak,” another product of oil, has been worked for many years. 
A considerable quantity of oil collects in the manjak workings. 

Coral covers the island, with the e.xception of the central part 
which ri.ses to an elevation of over 1,000 ft., but nowhere does the 
thickness of coral preclude the possibility of reaching the petroli¬ 
ferous sedimentary beds beneath, although drilling alone will 
divulge tl'.c structural features and degree of saturation with oil. 

Dutch East Indies.—Oil-fields of immen.se value and great 
extent have been discovered and operated in the Dutch East 
Indian islands of Borneo, Sumatra, and Java, where extraordinary 
results have been achieved in a short space of time, whilst recently 
attention has been devoted to other islands, including Ceram, 
where’a small production was recorded in 1913. The growth 
of the production for the whole Dutch East Indies may be 
gauged from the fact that in 1900 it amounted to 300,000 tons 
(2,200,000 barrels), whilst in 1914 it exceeded 1,600,000 tons 
(12,000,000 barrels). The oil is found in anticlinal folds with 
steeply dipping sides, and the a.xes arc generally characterised by 
a wonderful display of the natural phenomena which are usually 
associated with petroleum. As in the other Eastern oil-fields, 
the oil - bearing strata are of Tertiary age, and are generally 
associated with fijal and lignite. In Borneo there are both 
asphaltic and paraffin oils in the .same oil-field at different 
depths. Some of the Sumatra oils are especially rich in light 
products, and these have been largely sought for the production of 
spirit for the European market. 
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It is asserted by prospectors in the East Indian islands that 
there are hundreds, if not thousands, of square miles of oil-bearing 
land which can be remuneratively exploited when occasion demands. 
Sumatra came to the fore as the original focus of activity of the 
Royal Dutch Company (Koninglijke Maatschappij tot Exploitatie 
van petroleum-bronnen in Ned. Indie); Java was developed mainly 
by the Dordtsche Company; and the Shell Transport and Trading 
Company turned its attention to the east coast of Borneo. In 1905 
the fusion of the Royal Dutch and Shell interests with the formation 
of the Bataafsche Company to control their joint oil-fields, and the 
subsequent absorption of the Dordtsche in 1911, already controlled 
for some years by the Royal Dutch, has resulted in the practical 
control of the whole Dutch East Indian oil-fields passing into the 
hands of this great combine. 

Sumatra. — The pioneer of the oil industry in Sumatra was 
A. J. Zijlker, who obtained a concession of 5CX3 bows (891 acres) in 
1883 on the right bank of the Lepan River in the Langkat district, 
and energetically proceeding with its development, obtained a small 
gusher in 1885. He was supported by the Government, and meeting 
with considerable success, he managed to float the Royal Dutch 
Company in 1890, which, in the following year, built a light railway to 
Pangkalan Berandan, on the navigable stream Babaian, and erected 
a refinery on the Bay of Aroe, conneciing this with the fields by 
pipe lines. In 1894 a loading port for large tankers was built on 
the island of Sembilan. Production made rapid progress, ‘several 
gushers being struck, and the following year the area under 
concession was largely extended, proving the existence of an 
anticline 30 km. (19 miles) long between Boeloe Telang and 
Besitan, the main field being located at Telaga Said. Langkat 
oil has a sp. gr. of .771-.857 (53°-33" B.). 

At first a rather conservative drilling policy was foltbwed, it 
being thought that the production, obtained by drilling four wells 
annually, would suffice to fill the requirements of the refinery, 
the capacity of which was 80,000-100,ocx) ton's (600,000-750,000 
barrels) yearly, but owing to water troubles a rapid falling off 
in the production from 159,000 tons (1,200,000 barrels) in 1898 
to 52,000 tons ^390,000 barrels) in 1899, led to the adoption of a 
more vigorous policy, and drilling in other areas commenced. 
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The Perlak Oil Company started in 1901 and the South 
Perlak in 1905. Both companies, which own adjoining con¬ 
cessions in Atjeh, further north-west than the Langkat district, 
are now controlled by the Royal Dutch Company who pipe the oil 
to their refinery, a distance of 150 km. (94 miles). The produc¬ 
tion of the Perlak Company in 1909 was 286,000 tons (2,100,000 
barrels), that of South Perlak Company 61,000 tons (460,000 
barrels); but in [914 the output had fallen to 135,000 tons 
(1,000,000 barrels) and 11,000 tons (82,000 barrels) respectively. 

The south-eastern end of the Boeloe-Telang-Besitan anti¬ 
cline has been worked for many years by the Shanghai-Langkat 
Company (Maatschappij tot Mijn-Bo.sch- en Landbouwexploitatie 
in Langkat). This company came under the control of the Royal 
Dutch in 1909, Its production in 1914 was still about 300 tons 
(2,200 barrels) a day. 

As long ago as 1897 in .southern Sumatra, the Moeara Enim 
Company and the Su.'iatra-Palembang Company were formed, 
which developed with conside’^able succe.ss structures of a type 
similar to tho.se known in the northern end of the island. 

The principal areas producing are at Kitmpoug Minjak and 
Moeara linim, whilst Meliamoen, Babat, and Liaman Loeloei have 
all yielded considerable quantities in the past. In igoi the 
Moesi llir Company was formed to exploit a large concession 
near Babat, but now all three companies are controlled by the 
Royaf’Dutch. The oil is high grade; that at Meliamoen has a 
specific gravity of .765-.775 (53°-5i° B.), at Kampong Minjak .792 
(46,5° B.), and at Babat .812-.889 (43°-27.5'’ B.). The fields are 
connected by pipe lines to the refineries at Pladjoe and Bagoes 
Koening, both near Palembang. 

North-west of this district lies a most promising area known 
as Djaihbi, which was put up for auction by the Government in 
1911-12. It is understood that the area will be divided between 
the Royal Dutch and the South Perlak Companies. In North 
Sumatra drilling was proceeding in 1914 at Peudawa. 

Java .—The oil industry of Java is in the hands of the 
Dordtsche Company and its subsidiaries, which until 1911 had a 
marketing agreement with the Royal Dutch, but ^s now absorbed 
by that company. The company was formed in 1887 and 
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developed rapidly, the production in 1913 exceeding zoofxo tons 
(1,450,000 barrels). The occurrence of oil in Java is widely 
disseminated, but owing to the geology of the southern and 
western part of the island being complicated by igneous intrusions, 
the fields which have hitherto yielded the production are located 
in the north-east corner of the island, in the provinces of Semarang, 
Rembang, Soerabaja, and the island of Madoera, which forms 
the eastern continuation of this part of the island. In Rembang 
the chief production comes from Tinawoeit and Panolan, whilst 
in Soerabaja the principal pools arc at Twalf Dessns, Lida Koelon, 
and Made, all of which have been steady producers for years. 
The depths of wells in Java are not great, usually 500-800 ft., 
the most productive horizon occurring at the junction of the Middle 
and Upper Miocene. The oil is heavier than that from Sumatra, 
its specific gravity ranging between .825 and .916 (40'’-23'’ B.). 
It has primarily an asphaltic base, yet yields a paraffin of very 
high melting point. Two refinery centres have been established, 
one at Wonokromo treating the oil from the Soerabaja fields, 
the other at Tjepoe in Rembang for the western fields in Rembang 
and Semarang. 

Borneo .—Attempts to work oil on the east coast of Borneo 
were made as far back as 1863 by J. H. Menten, who obtained 
a concession, “Loui.se,” in I'&'AZ 'At. Saiiga-.Sringa,\n Koetei. This 
still remains the main productive area. Urilling began in 1897, 
oil being struck at 190 ft. A .second concession to the south of 
this, at Balik Papan, was acquired in 1891, and the two passed into 
the hands of the Nederlandsch-Indische Industrie- en Handels 
Maatschappij,” affiliated to the Shell Company in 1898, which 
company erected a refinery at the excellent harbour of Balik Papan, 
the oil being shipped in lighters from Sanga-Sanga. About the 
same time the Koetei Eixploration Company was formed, which 
eventually passed into the hands of the Royal Dutch. Prior to the 
formation of the combine the East Borneo Company, closely 
related to the Royal Dutch, had acquired thfee productive con¬ 
cessions at Sanga-Sanga, Tapang, and Anggana in 1903, whilst 
the Shell interests had secured a third concession, " Nonny,” 
in 1900. 

In North Borneo numerous seepages are known, and for many 



Borneo Oil-Fields 


45 


years efforts have been made to develop the fields which are 
believed to exist in British North Borneo, Brunei, with the adjacent 
island of Labuan, and Sarawak. So far, with the exception of 
Sarawak, where a production of 65,000 tons (470,000 barrels) was 
obtained in 1914, no very definite results have been obtained. 
In 1914 drilling was proceeding at Sibetik, on the east coast of 
British Borneo. Between this point and the original fields on 
the east coast lies the island of Tarakan, at the mouth of the 
River Sibawang, which has developed into a very important 
producer, the production amounting to 258,000 tons (1,850,000 
barrels) in 1914. 

Borneo oils are similar to Baku oils, and are treated in like 
manner. The shallow sands in the Koetei fields yield heavy oil, 
with paraffin, which has a gravity of .970 (14° B.). The lighter 
oil from deeper sources has a specific gravity of .860-.890 
(33°-27° B.), and is poor in paraffin. 

Persia.—The rich Persian oil-fields have been developed, 
as yet, only in their more accessible portions. At Maidan-i- 
Naphthun .some thirty well.s have been completed, but production 
has not been at full capacity, no wells having been yet pumped. 
In twelve months, ending March 1912, the* production was 82,000 
tons (600,000 barrels), and in the subsequent six months 138,000 
tons (1,000,000 barrels). The field is connected with the refinery 
at Abadan by a pipe line 145 miles long, part of which is 6 in. and 
the re?t 8 in., with a daily capacity of 1,000 tons (7,200 barrels). 

The refinery was started in 1913, and is designed to remove 
30 per cent, of the lighter products, leaving 65 per cent, as residues 
to be used as Admiralty fuel oil. It has a throughput per battery 
of four stills of 7,500 tons (55,000 barrels) monthly which yield 
4,800 tons (35,000 barrels) of fuel oil. Thus the total capacity 
of tweflty stills is 24,000 tons (175,000 barrels) per month, an 
amount in excess of the carrying capacity of the pipe line. 

The kerosene derived from Persian oil is destined to supply all 
Persia, except in ftie immediate vicinity of the Caspian Sea, where 
Russian kerosene will continue to compete successfully. ' The 
home demand (some 30,000 tons—225,000 barrels annually) will, 
however, form but a small market for its disposal. 

One well is said to liave yielded by flowing over 100,000 
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tons of oil, and if this is any indication of the ptossibilities of the 
area, the Persian fields are destined to become very important. 

Canada. —Although indications of petroleum have been 
reported from many parts of Canada, no fields have been operated 
to any important extent except those of Ontario, where the oil 
appears to be confined to saiK^stones and limestones of Palaeozoic 
age. The producing fields of Ontario are chiefly located in 
Lambton Co., and the township of Petrolia is the centre of the 
petroleum interests. Many of the wells in the Petrolia district 
do not exceed a depth of 500 ft., and their cost is often below 
£100, as the limestones in which the oil is found are very easy 
to drill. In some other districts, as Tilbury, the wells are deeper, 
and they cost a much larger sum to complete. 

The Ontario oil is usually of the paraffin class, and is rich 
in illuminating products, but it contains an exce.ssive amount 
of sulphur, which imparts to it an offensive odour. The wells 
do not often yield more than twenty-five barrels monthly, after 
sometimes a primary spurt, and often only five barrels a month 
after many years. 

Alberta, British Columbia, and Athabasca have all disclosed 
evidences of petroleufn worthy of closer investigation by the 
Canadian Geological Department. Large areas in the Medicine 
Hat and Bow Island districts of Alberta have proved to be 
exceedingly prolific of natural gas at depths of 1,000, 1,300, and 
2,000 ft. respectively, and already schemes have been considdfed for 
the conveyance of this valuable fuel to Winnipeg and other large 
industrial centres. Calgary and other towns are already supplied 
with natural gas, but the demand is insignificant when considered 
in connection with the enormous supplies available. 

Great local excitement was arou.sed in 1914 by the striking 
of a small production of high grade oil in a well 30 miles from 
Calgary. Lands for hundreds of miles around acquired unheard 
of values, and speculators were induced to subscribe large sums 
on prospects of the wildest type. That the district justifies 
methodical prospecting is true, but the structures are intricate 
and the folds sharp, confining probable fields to strictly narrow 
limits. 

The tar sands of Athabasca havt long been considered a 
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possible source of petroleum if‘penetrated under suitable strati- 
graphical conditions that might be disclosed by careful study. 
Western Canada will doubtless receive more attention in the 
near future, as there are many districts on the eastern flanks of 
the Rockies presenting favourable indications and structures. 

The output of the Ontario field has diminished since 1899, 
when it attained about io8,oc» tons (808,000 barrels). Natural 
gas is still profitably worked and regularly supplied to a number 
of towns in Ontario. 

Several serious efforts have been made to develop an oil- 
field in New Brunswick, where indications of petroleum are 
pronounced. Numerous wells have been sunk to depths of 2,000 
ft., and high grade oil has been struck, but hitherto the quantities 
have not justified more extended operations. Natural gas has 
been struck in considerable volume and converted to u.seful 
employment, and the .shales around the Alberta mine have been 
the object of repeated investigation with a view to their treat¬ 
ment. 

Africa. Except in Egypt, no oil-field of importance has 
been brought to light, and elsewhere Algiers alone has furnished 
real encouragement. Both the Ivory Coa.sfand Gold Coast have 
been tested in the region of the Tano River with little success, 
and in Nigeria, where financial assistance was given to a prospecting 
company by the Government, no results were attained to justify 
the somewhat extravagant anticipations. In Angola and in 
Madagascar investigations have been conducted, and in the latter 
island drilling has been performed .so far with insignificant, if not 
negative, results. 

South Africa has been searched fairly well by prospectors, 
with little encouragement, although there are indications of oil 
and gas.ht many spots. In 1914 the British Government was 
induced to investigate certain indications of oil in Somaliland. 

Egypt.—hX two places on the coast of the Gulf of Suez 
commercial supplies-of petroleum have been struck, and development 
on an important scale has been undertaken. The oil from the JtmM 
and Hurgada fields is conveyed to Suez, where a large refinery 
has been erected for its treatment. Some wells gave large initial 
flows under high pressure, amJ there is every prospect of important 
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oil-fields being developed when the geological conditions are better 
understood. 

During 1913 the production at Jemsa amounted to 12,000 tons, 
but early in 1914 a big gusher was struck, raising the production 
to over 1,000 tons daily. Successful drilling was also carried out 
at Hurgada. The Egyptian production for 1914 was 103,000 tons. 

Indications of petroleum have been observed on certain 
islands in the Red Sea, but drilling on an extended scale has ye( 
failed to locate commercial bodies of oil. 

Algeria .—Petroleum has been won in small quantities from 
an oil-field situated near the port of Oran, where wells sunk 
to a depth of 1,400 ft. have given small but persistent yields 
enabling a small refinery to be intermittently worked. The fields 
lie along the southern flank of the Uahra range, between the 
River Chelif and the sea ; the age of the rocks most commonlj 
associated with the oil is Cretaceous and Tertiary, butThe actua 
source of the oil has not been elucidated. 

South America. —Of all the great South American States 
which severed their connection with Spain and Portugal, Pen 
alone has developed, up till 1914, any oil-fields of importance 
This is the more .strange, as several countries present attractive 
features in the way of ir;dications of oil, or profitable and protectee 
markets. In the Argentine Republic a fiekl was accidentally 
discovered when drilling for water, and this may provide the clu( 
to other di.scoveries in the country. 

Asphalt deposits of commercial value have long been knowt 
and worked on a remunerative and commercial scale near th( 
mouth of the River Orinoco, and are evidently associated geologically 
with the asphalt and petroleum depo.sits of the neighbouring 
island of Trinidad. Geological investigations have been mad( 
on an extensive scale, and large sums have been expended 01 
drilling, with inconclusive results. Productions of oil were obtained 
but its excessive density gave it little value, except for certaii 
and quite restricted uses. 

On the borders of Lake Maracaibo prospecting operations hav 
resulted in proof of the existence of petroleum, and it is sau 
indications warrant optimistic views. Other parts of Venezueli 
have been th*e obiect of investigation, but difficulties of titl< 
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inaccessibility, etc., have prevented bona-fide operators from 
attacking the problem. 

The coastal belt of Colombia, from the River Magdalena to the 
Atrato, has been the scene of repeated geological studies and some 
serious drilling operations, but with indifferent and certainly 
indecisive results. Oil indications are very pronounced in some 
localities, and sufficiently encouraging yields of oil and gas have 
been obtained to stimulate further efforts. 

Ecuador can boast of promising signs of oil in an exceedingly 
favourable geographical position at St Helena, near the delta of 
the Guayaquil River. small local oil industry flourishes in 
the district through the extraction of oil from shallow pits, sunk 
into outcropping oil sands. The strata are evidently a continuation 
of the Peruvian belt, and arc worthy of more attention than has 
hitherto been bestowed on them. 

A strip of land along the eastern flanks of the Andes in 
Bolivia, from \'acuiba to .-anta Gruz, presents frequent indications 
of oil, where beds of a certain kKjwn age reach or approach the 
surface under suitable structural conditions. Inaccessibility and 
labour difficulties have doubtless contributed ^to the little attention 
attracted by the deposits. 

Even from British Guiana pitch deposits are reported, although 
in somewhat difficult and remote territory, and natural gas has 
been struck during drilling in the Essequibo delta. 

Peril .—Peru can boast of one of the finest oil-fields in the world. 
Along a coastal belt of Tertiary rocks extending from near Tumbez 
on the northern frontier, to Payta a little south of Point Farinas, there 
are numerous manifestations of petroleum, and at least three impor¬ 
tant oil-fields have been exposed and are being actively exploited. 

At Negritos, Lobitos, and Zorritos important oil-fields are 
being actively and profitably operated. The joint production in 
1914 was about 3cx),ooo tons (2,200,000 barrels), and extensive 
exports of benzine were being made. 

Ten years previbusly the production of Peru did not exceed 
50,000 tons (375,000 barrels) per annum. The wells of Peru vary 
in depth from 300-3,000 ft., and they have a long life, ultimate 
yields of from 3,000-5,000 tons (22,000-57,000 barjels) per well 
being common. 
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Favoured by^ healthy climate, the tropical heat tempered by 
perennial cool souths^ breezes, the absence of rain and desert-like 
surroundings -ifnpdse.’no hardships, and enable work to proceed in 
a way unknown in any other oil country. Drilling is easy and 
rapid, no water difficulties occur, and the light density oils are 
much sought after for the extradtion of petrol. 

There is a well-equipped refinery at the Port of Talara, where 
various products are prepared, cased, and shipped to the west 
coast markets from Chile to California. There i.s also a small 
refinery at Zorritos. Fuel oil is largely used by the railways of 
Peru, by some of the steamships on the coast, and by the Nitrate 
Oficinas of Chile. 

Petroleum has been found at Punta Rustin, between Lobitos 
and Zorritos, and also near Lake Titicaca, where fair yields of 
paraffin-bearing oils have been struck. 

Italy. —Three small oil-fields have been developed in Italy, 
and indications of oil are spread over a very wide area. The 
Montichino property, Emilia oil-field of Lombardy in the valley 
of the Po, has proved profitable to work under a high protective 
duty, and another region in the Pescara and Lins Valleys, Central 
Italy, has been the scene of a small industry. 

Australasia. —It is curious that no cil-field of importance has 
yet been located in these great Briti.sh po.ssessions. Promising 
indications of oil have been reported in New Guinea, and other 
manifestations have been repeatedly described from Kangaroo 
Island and the neighbouring mainland of South Australia. At 
Roma, west of Brisbane, a fierce expulsion of natural gas from a 
deep well opens up possibilities that should not be disregarded by 
the authorities. The New South Wales shale deposits, upon which 
such great sums of money have been lost, may one day be of 
great value. A small oil-field has been developed at Taranaki, 
near New Plymouth, in the North Island, but extended drilling 
amidst indications of oil elsewhere, have so far failed to expose 
appreciable supplies of petroleum. 
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CUSTOMS, LEASING, AND VALUATION 
OF OIL-FIELDS. 

Commercial Aspects of Petroleum—Leasing of Oil Lands--Royalties and 
Consideration in Leases—Obligations in Leases —Valuation of Oil 
Properties, Lands, and Royalties —Oil-Field Waste and its Prevention. 

Commercial Aspect of Petroleum. —A .study of statistical data 
does not necessarily convey the true capacity of oil-fields, as normal 
development is often influenced by strictly local considerations, 
which adversely or favourably affect operations. Most oil-fields 
rely mainly upon some defined markets, but restricted dependence 
naturally diminishes with proximity to seaboard. The discovery 
of a new prolific oil-field or a richer deeper source in an old field 
may for a time demorali.se prices and call for a complete re¬ 
adjustment of conditions. Old fields or small producing wells may 
have to be abandoned as unprofitable until a demand is created in, 
or transport facilities afforded to, new channels for the surplus 
production. 

Few products are subject to more severe fluctuations of price 
than petroleum, and no product has probably in turn entailed on 
operators greater hardships and yielded larger rewards. Within 
ten years the price of oil in Baku fluctuated between ys. and 47s. 
per ton (22.4 cents and $1.50 per barrel), a difference of nearly 
700 per cent., and in many of the newer oil-fields of America the 
price has varied from 10s. to 30s. per ton (32 cents to 96 cents 
per barrel), 300 per cent, within a few months. Over-produc¬ 
tion in Galicia (in the sense of insufficient transport facilities) in 
1908 caused the price of crude oil to relapse to 6s. 6d. per ton 
(20.8 cents per barrel), but in 1913 it had risen again to nearly 80s. 
per ton ($2.56 per barrel), a difference of over 1,200 per cent. 

The unavoidable fluctuations in price of petroleum are well 
illu.strated by reference to the Baku oil-fields, where, iti one month, 
a single well has yielded 400,000 tons (3,ooo,ooo,barrels) of oil. 
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equal to the entire annual output of many large oil-fields where 
thousands of wells have been sunk and hundreds of thousands 
of pounds spent to secure the same yield. 

Violent fluctuations of prices become less prevalent with the 
increasing magnitude of the industry. The greater the field, the 
more facilities for removal and distribution over a wider area are 
in existence. In large centres financiers are usually found willing 
to buy and store or finance surplus stocks of oil instead of allowing 
them to be thrown on the market. The balancing effect of 
powerful competing interests was well illustrated in Roumania in 
1912-13, when a well of a company with practically r,o storage 
or e.xport facilities yielded within sixteen months 400,000 tons 
(3,000,000 barrels) of oil without depressing the high prices prevail¬ 
ing at the time. 

In 1913 the active development of the prolific and easily 
worked Cushing field in Oklahoma led to a fall of prices from 
$1.05 to 75 cents per barrel, equal to 2S.6 per cent, within a few 
weeks. As the difference between 75 cents and $1.05 per barrel 
represented that extra profit to the operator, the full extent of the 
reduction of profits will be appreciated. 

Petroleum yields such a variety of products of quite different 
and changing values that efforts to secure additions! supplies of 
one product may be the cause of throwing surplus quantities of 
other less valuable products on the market, that quickly neutralise 
the anticipated profits. At one period in Russia up to iSyo lamp 
oil was the aim of refiners, benzine was burnt as fuel, and the 
residuum destroyed by burning. A few years later residuum 
was the object for which all worked, and its price was frequently 
little below that of all other products. Still more recently benzine, 
illuminating oil, gas oil, and fuel oil were all largely sought, each 
participating in yielding a good aggregate price. 

Until about 1900 benzine, the most profitable of all products 
of crude oil, was deliberately burnt, either as fuel or for disposal in 
many of the great oil-fields, 

As the main use of most oil products is as fuel, there is some 
general relationship in price to other combustibles. Residual fuel 
oils compete directly with coal, peat, wood, or other fuel, apd a 
particular market often exhibits an expansion or contraction in 
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inverse relationship to the price of oil. As the chief oil-fields 
of Russia are located around the Caspian Sea, with the Volga 
system of water transport as its natural outlet, an increased price 
of fuel oil causes the encroachment of coal and wood on the 
oil fuel area; a reduction in price of oil fuel creates an immediate 
expansion of its markets into the coal and wood areas. 

With other oil products it is much the same. Internal com- 
bu-stion engines are encouraged if fuel is cheap, and displaced by 
gas engines, suction gas plants, nr steam if the price of oil rises. 
The capital cost, per horse power, of different classes of power is 
well known, and the working costs depend practically entirely 
upon the cost of oil. There is, consequently, a limit when prices 
act adversely upon the oil markets, and distributors carefully 
estimate whether a highly profitable but curtailed sale is to be 
preferred to a le.ss remunerative but increased trade. When 
there is a scarcity of transport, tho.se favoured with means of 
conveyance are in a position to exact a ma.ximum price from the 
public, although there may b^. in some fields, immense supplies of 
the desired product in stock, and the producers on the verge of 
ruin, owing to the absence of buyers at remunerative prices. With 
a normal transport charge of about £2 per ton, there were, in 1914, 
huge stocks of benzine suffering high evaporation losses, and 
awaiting a purchaser in Oklahoma, at a price of about 6 cents 
per imperial gallon (£4 per ton), when the .selling price in 
Great Britain, less tax of 3d. per gallon, was rs. 4d. per gallon, or 
about £20 a ton. 

At the same time California was suffering severely from excessive 
freights and .shortage of transport facilities, substantial profits 
only being made by those companies operating in the rich areas, 
where flush productions reduced the cost of production to a 
nominal figure. 

The fact that petroleum mining is as speculative as other 
classes of mining is often overlooked. True, its extraction and 
preparation for market are much simpler and cheaper than most 
metallic ores, but its development is attended with equal risks, 
and it. is always the drill and the drill alone that definitely 
decides the value of oil properties, precisely as bore holes and 
shafts do in metalliferous 01* coal mining. Whatever the wealth 
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of indications, and however confident the prospector, the risks 
must be realised till the capabilities of the oil sands have been 
given a practical test. 

The occasional booms and extravagant speculation in oil 
lands are no more excusable than gold rushes such as have been 
witnessed in Australia, California, and Alaska. Regrettable as 
they are, such events will never be avoided so long as petroleum 
yields such great rewards to the successful. Whilst human 
nature endures, discretion and prudence will be periodically cast 
to the winds by speculators in a scramble for unknown stakes. 
Nor does it seem reasonable to preach caution when fortunate 
operators can be .seen drawing an income of ii^i.ooo to ^1^5,000 
($4,800 to $24,000) a day from a well which has cost them but 
say .^2,000 to i;’5,ooo ($9,600 to $24,000) to drill. 

A single Russian well in 1908 gave within one month oil 
to the value of £2^0,000 ($1,300,000). Had that .same well been 
struck in 1914, the value of the oil would have been £1,200,600 
($5,760,000), or £^0,000 ($192,000) a day. The Columbia well 
on the Moreni field of Roumania in 1912-13 gave oil valued 
at 200,000 ($5,760,000) within eighteen months, high prices 
synchronising with a wonderful natural flow. This w'ell was 
not the property of a rich company, but a comparatively small 
concern, which had for years been struggling against adversity. 

A few fortunate strikes of oil in Mexico have sufficed to pay 
dividends on capital running into millions sterling, thas com¬ 
pensating for years of unremunerative e.xploitation under almost 
the worst possible political and labour conditions. Valued at;^’i 
per ton (60 cents per barrel) at the well, the output of individual 
wells in Mexico has been maintained for months at figures which 
would represent ;^io,ocx) to 5,000 ($48,000 to $72,000) a day. 
Many an oil-field operator has been suddenly raised frdm a state 
of almost destitution to affluence by the strike of a rich well. 

On the collapse of the rubber boom in 1910, speculators 
sought a new object of attack, and the selection fell upon oil. 
Stimulated by a Press campaign emphasising the scarcity of oil 
products, and exaggerating the requirements of the .British 
Admiralty and other naval Powers, who were projecting the 
use of oil fuel, popular interest waS stirred. Money was freply 
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subscribed by the public for world-wide ventures, often with 
inflated capitalisations and insufficient working capital. Dead 
and forgotten properties were resuscitated and window-dressed 
with remarkable audacity, with the natural result that many 
concerns quickly came to grief, thereby throwing discredit upon 
an industry displaying exceptional potentialities. A competitive 
demand for proved or partially developed oil properties naturally 
led to excessive requests by vendors, and numerous subsequent 
reconstructions and liquidations bore testimony to the errors 
that those closely allied with the industry deplored. 

Unprecedented excitement was, in 1914, aroused in Western 
Canada, where a small strike of light oil led to a quite unjustified 
speculation in lands for hundreds of miles around Calgary. Scores 
of companies with fanciful names and inflated capitals were pro¬ 
moted, and the shares were readily disposed of to credulous 
persons notwithstanding official warnings. 

It would be well to dispel the fallacy which has been 
obtrusively circulated that i!l-field development requires much 
more money than other commercial enterprises. The cost of 
equippi.ig an average oil property bears no relationship to that 
required for a mine of the same tonnage ; inlleed, the development 
of an oil property that lies within the sphere of railways and 
roads is often well within the means of a private well-to-do 
citizen. The prospecting and opening up of unexplored tropical 
forests 'is a much bigger task, that should only be entertained 
under skilled and experienced guidance. 

There are thousands of small operators in the American oil¬ 
fields who have started with little, and built up substantial and 
respected businesses, and wherever there is a free market for 
crude oil, there are excellent prospects for energetic, enterprising 
men withiltnowledge of the industry and of business capacity. The 
ail industry in most countries has been established and built up 
by numerous small operators, who have sub.sequently often been 
induced by tempting offers to sell their interests to financial groups, 
ifter amassing a good bank balance. It has, in fact, been the small 
man who has laid the foundation of oil enterprise in all but a few 
countries, where the conditions of living and disposal of products 
vere prohibitive. 
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-The failure of so many public oil companies is due to causes 
unconnected with the value of the properties acquired, and the 
abilities of those in charge. Over-capitalisation is frequent, but 
this by itself is open to adjustment, and scarcely figures. Almost 
the sole source of trouble in many cases is scarcity of working 
capital. The prospectus appears to provide for all contingencies, 
but the trouble arises from the almo.st universal phrase, “ Working 
Capital and General Purposes of the Company,” the latter part of 
the phrase covering a wide field, and usually monopolising a large 
part of the available funds. It is often wonderful what a mass of 
legal matter has to be cleared up before real work can be com¬ 
menced, and what a host of claimants appear for compensation. 
Then there is often an adjustment of stocks from some dale, and 
purchase of these and sundry plant, not included in the sale, at 
a valuation. It is surprising what value insignificant items acquire 
at such time.s. 

A prolific .source of unc.vpccted e.vpen.se is (Tten the transfer 
of the acquired properties, sometimes aggravated by a series of 
undisclosed lawsuits of old standing, the new tenants being 
considered fair game for being Ic.ss acquainted with the facts, and 
more ignorant of the 'laws and customs of the country than their 
predecessors. 

Oil companies thus often smrt off with their working capital ■ 
depleted to a dangerous degree before serious work is commenced, 
and a few misfortunes, due possibly to the change of man^ement 
and withholding of essential information, may cause work to be 
suspended, or loans to be contracted, at very early stages of their 
career. Weak underwriters often fail to meet their commitments 
when success is not assured, and this may prove a deciding blow. 

One of the most serious and often overlooked matters in the 
promotion of oil companies is the money required for‘financing 
the business. Cash is rarely transferred on a sale, and a period 
has to be provided for between the extraction and sale of oil, or 
receipt of proceeds of sale. Stocks of material have to be carried 
to avoid long and expensive stoppages on the properties, and this 
involves the locking up of large sums. 

Stocks of oil can sometimes be financed, and accounts may be 
paid by the proceeds of discounted bills, but there are times wb^en 
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stocks cannot be financed, and bills can only be discounted at a 
prohibitive rate. 

Companie.s often allow themselves to be involved in business 
for which no financial provision had been made. New lands may 
be purchased with obligations to drill, causing double financial 
embarrassment if funds run short through failure of .some pre¬ 
conceived programme, or disorganisation of the work through a fire 
or other cause. It is, indeed, rarely that expenditure is not 
incurred in some direction not originall)- anticipated, thus modifying 
all original calculations of requirements. 

An analysis of the accounts of a number of oil companies 
shows how disproportionate is the expenditure on drilling to 
that on unremuncrative work. I’ublished balance sheets rarely 
disclo.se sufficient data to arrive at this figure, but it is obvious 
that it is drilling alone which will secure, maintain, or increase 
production. Tankage and pipe line provision for contingencies 
that never ari.se are a fruitful object of needless expenditure and 
diversion of fund.s, urgent!\’ .equired for the operation which alone 
will yield the material to transport and fill the tanks. 

Another serious difficulty, which has not been without important 
influence on the success of prospecting companie.s, is the labour 
problem. The phenomenally rapid progress of a comparatively 
new industry has led to a great scarcity of men trained or 
experienced in the work. The employment of half-trained or 
inexpePienced men in any iudustr}’ is an e.xpensive business, yet 
all but long established oil companies have had to combat with 
this unavoidable but .serious defect. Capable, qualified engineers 
could not be easily tempted to leave warm po.sts in good climates 
to settle in une.xplored region.s, and risk permanent loss of health, 
however large the remuneration offered. In initial tropical develop¬ 
ment the* author has at times had to face cases where 70 per 
cent, of the staff and labour were incapacitated by fever at one 
time. Given health even, the troubles connected with the training 
of unskilled labour’in some new fields of operation are very trying 
aiid disheartening. 

However, apart from all other considerations, the petroleum' 
engineers can hardly fail to be despondent when they are called 
upon to direct new companies with an issued capitalisation of 
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say ;^ 250 , 000 ($i, 200 ,(X) 0 ), providing only some £ SO ,000 ($240,000) 
working capital. This, again, may be cut down by a “general 
purposes” clause to perhaps ;£'40,ooo ($192,000), which modest 
sum has to justify the capitalisation of ;£'250,000. An industry 
has to be wonderfully remunerative to withstand such watering 
of capital. Far more oil companies have failed from financial 
mismanagement than failure of the land to respond to operations 
or technical control, mainly in consequence of diversion or mis¬ 
direction of fund.s. Few investors in mining prospects complain 
about the loss of their money if spent in honest endeavours to 
develop promising territory, but all object to waste of money 
through improvidence or deflection from the objects for which 
it was provided. 

Many interesting compromises and arrangements have been 
made by governments and public bodies at the instigation of 
producers and refiners during periods of depression in the oil 
industry ; conditions created and encouraged b)^ those seeking relfef. 
Anticipated results have rarely been achieved by interference 
in the normal developments of trade, and further complications 
have often ensued. Few oil-fields of importance have escaped 
periods of acute depression where unrestricted development has 
been in force, and those times of low prices have often been the 
direct means of advertising areas, attracting capital, and .securing 
for products outlets which would othervvi.se never have been 
established. * 

Operators in America have hitherto failed to induce legislative 
bodies to draft ordinances which would restrict development, and 
thereby assist financial interests in rich fields. In some cases 
something very near compulsion has been introduced by the 
formation of local bodies, who have assumed authority which 
could never be legally enforced. Oklahoma produders have 
acquiesced in the demands of certain self-con.stituted bodies, rather 
than risk a conflict with unauthorised but influential powers 
that could cause much trouble and inflict petty annoyances. 

Californian producers sought to maintain the price of oil by 
forming bodies called the “ Independent Producers’ Agency ’’ at 
various oil centres. Those joining the agency undertook for a 
number of years to sell all their oil thrdugh the agency, and accept 
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a certain amount on account for such oil as should be placed 
in storage pending sales at a fixed minimum. This agency 
eventually controlled an immense output, and to some extent 
assisted in arresting the declining tendency of prices, by restrict¬ 
ing the operations of members. The agency exercised its power 
to make large sale contracts by an agreement with the Union 
Oil Company of California, and also built pipe lines. 

At one time many Grosny producers united to fi.x a minimum 
.selling price of lo copecks per pood (i2.s. 6d. per ton, 42 cents 
per barrel). But a few who declined to join the combination 
caused much embarrassment b)- undercutting, and forced the 
combine to place large supplies of oil for a time in stock. 

The great power possessed bj’ the pipe line companie.s, upon 
whom the smaller operators often exclusively rely for the di.sposal 
of their products, has led to a general demand for the isolation and 
State control of such public utility concerns. They exerci.se a 
powerful influence over the areas they tap that could easily be 
interpreted as abu.se of priv^eges at times. Oklahoma pipe line 
companies in 1914 decided to accept only 50 per cent, of 
the settled production of properties during the period of over¬ 
production in that Stale, following the developments at Cu.shing. 

Galicia afforded an interesting example of attempts to defeat 
depression in 1911, when the output of the famous Boryslaw- 
Tustanowice oil-field had quite outgrown its usual markets. As an 
examffle of the extent to which operators are willing to relinquish 
their position at moments of difficulty, the case is especially in- 
■structive. When crude oil prices were low, refiners made large 
profits at the expen.se of the producers, but when the price of crude 
oil rose the profits of refiners were seriously diminished. When 
struggling producers induced the authorities to erect large 
storage ibr surplus crude oil, and to make advances on oil put into 
storage, the price and output of crude oil rose rapidly, and refiners 
were working at a loss. Burdened by a tax of £6. 8s. per ton ($4.09 
per barrel) on illmninating oil, home markets were restricted in 
view of the agreement of refiners to maintain a fixed price for 
home sales. 

Surplus oils were thrown on the German market at any price 
they would fetch, thus roifsing the antagonism of the Standard 
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Oil Company, who promptly retaliated by undercutting the 
Austrian home market. So fierce became competition that 
negotiations for an agreement were opened. 

The Austrian Government was led to intervene and purchase 
1,500,000 tons of fuel oil for the railways at a price of nearly 24s. per 
ton (77 cents per barrel), but this caused but temporary relief, and 
crude oil prices fell to 5s. per ton (16 cents per barrel), at which 
moment the Standard Oil Company offered to expend ;£'25o,ooo on 
storage tanks of a capacit)' of 1,000,000 tons. The)' tendered an 
advance on stored oil, but demanded the exclusive right of light 
distillates obtained in the preparation of fuel oil. Negotiations 
were cut short by the intervention of the Austrian Government, who 
realised what the producers were parting with, and they themselves 
decided to install storage on a large scale, and purchase more fuel 
oil. The immediate result was a leap in the price of crude oil from 
6s. 8d. to 29s. per ton, 20.8 cents to 92.8 cents per barrel, and 
once more refiners found themselves unable to fight the aggressive 
attacks of the Standard Oil C'ompany when the stocks of cheap oil 
became exhau.sted. The Austrian Government was subsequently 
led to introduce legislation of such a far-reaching character that the 
Standard Oil Company were practic,ally compelled to close down 
their refineries in Austria, a situation which diplomatic represen¬ 
tations failed to remedy. 

Endeavours to make an equitable allocation of tank cars 
to Baku refineries before the pipe line to Batoum was built, and 
when facilities ,for export were quite inadequate to deal with pro¬ 
duction, led to interesting results. On advice of a committee 
the Ru.ssian Government was induced to allocate tank wagons 
in proportion to the actual quantity of oil treated in the refineries. 
This regulation placed a heavy burden on small refiners, who 
were often compelled to work at a loss, in order to secure the 
nece.ssary wagons for disposal of a rea.sonable part of their products. 
Eventually the acute crisis arising from temporary over-production, 
in conjunction with restricted export facilities to Batoum, led the 
Government to grant a rebate of 11 copecks per pood on export-oil 
conveyed to Batoum. Its object of relief to small refiners was 
defeated by the excessive demand for tank cars with delivery at 
Batoum at a specified date, the result being a keen speculatioj] 
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that placed a premium on tank cars about equal to the sum 
conceded. 

Consideration for the peasants led the Roumanian Government 
in 1908 to pass legislation authorising the annual allotment tc 
the various refineries of the country of a fixed proportion of the 
internal consumption of kerosene, the price of which was not tc 
exceed a predetermined amount that afforded a reasonable profit 
to refiners. I'or the purpose of the Bill the refineries were 
divided into three classes thus ;— 

1. Large refineries with throughput capacity e.sceecling 40,000 tons per 

annum. 

2. Medium refineries with throughput capacity between 40,000 and 10,000 

tons per annum. 

3. Small refineries with throughput capacity under 10,000 tons per annum. 

The distribution was on the basis of annual throughput 
capacity, but the law differentiated in favour of the small refiner, 
who could not work so cheaply as the large refineries, by grant¬ 
ing to the second cla.ss 2 per cent, and to the third class 
400 per cent, more than the first. The ratiti is therefore 1:3:5. 
In one year, when the home consumption was estimated to be 
42,000 tons, or 1.6 per cent, of the throughput capacity, the 
di.stribution of the internal trade was as under, the refineries in 
practice only treating about half their throughput capacities. 

^ Tliroughput tlaji.u-ity of Refineries. Allotment. 

1st category - i,8S6,000 tonsx i x 1.6 per cent. - - 30,17610ns. 

2nd category - 115,800 tons x 3 x 1.6 per cent. - - 5,55810115. 

3rd category - 78,000 tons x 5 x 1.6 per cent. - - 6,240 tons. 

The internal consumption was taken at 42,000 tons =1.6 per 
cent, of 1,886,000-1-347,400-1-390,000= 1.6 per cent, of 2,623,400. 

There were eight refineries in the first, five in the second, and 
forty-two in the third group. 

The price was such that at normal times good profits were 
secured to refiners, but there have been times when this usually 
sought for right iif reality imposed a burden, if not an actual loss, 
on refiners. 

Germany in recent years was seriously considering the forma¬ 
tion of a Government petroleum monopoly, which no doubt would 
have proved a very lucratNe source of revenue. 'Russia imposes 
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an excise tax on illuminating oil (kerosene) of 6o copecks per pood 
(77s. per ton, $2.46 per barrel), and derives a revenue which reaches 
a very large figure. 

A great deal of ignorance has been displayed in discussions 
concerning the general displacement of coal by oil. Until the 
available supplies of coal show a great diminution or the cost 
of mining increases considerably, oil can never compete with coal 
in most of the seaports of the world. It is only in a few isolated 
spots at periods of over-production that fuel oil will be obtainable 
at 30s. a ton ($i per barrel), which is necessary to compete with 
bunkering coal at 20s. a ton. Quite apart from the cost of fuel 
the total oil supply of the world in 1913 only amounted to about 
50,000,000 tons, compared with a minimum output of 1,000,000,000 
tons of coal, that is, it constituted only about 5 per cent., of which 
amount less than half could be rendered available as fuel in 
boilers. 

Leasing of Oil Lands. —It was the practice for many years 
in most countries to apply the standard mining regulations to 
petroleum, and the confusion and absurdities thus occasioned may 
be imagined. Official attempts to dispose of es.sentially oil 
problems on ordinary mining lines led to interesting and instructive 
legislation in the case of the Trinidad pitch lands, where endeavours 
were made to allocate the qu-intity that was reasrmably due to 
each of the many little plot owners in the La Brea district. 

Only in recent years has the leasing of oil lands been admitted 
to the application of special regulations, framed to meet exigencies 
that never occur in metal mining. The public dangers and 
irretrievable losses arising from unrestricted oil-field operations 
compelled authorities to formulate stringent, though not aggressive 
legislation, to regulate the conduct of les.sees of both private and 
public oil lands. ‘ 

No fixed regulations can be drawn up and applied indiscrimin¬ 
ately to a number of oil-fields. Most oil-fields of the world present 
characteristic features demanding quite different handling. A 
selected and acceptable unit of area in one field would be absurd 
in another field, and mild restrictions in one area w'ould inflict 
irritating hindrances in another. 

Legislation connected with the leasing of public lands lies in 
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the direction of (a) fixing a minimum area which shall constitute 
a separate lease; {6) imposing a rate of royalty, and the form 
it shall take; (c) stipulating minimum drilling obligations, or 
alternatively, minimum annual payments; («f) insisting on fulfil¬ 
ment of certain reasonable conditions to safeguard the property 
from improper or injurious treatment or wasteful development. 

The unit of area of public lands varies greatly from an acre 
or two to a square mile. It is determined by the richness and 
number of oil sources; this, in turn, reflecting upon the number of 
wells and distance apart. 

Difficulties are at once apparent in endeavours to override the 
sacred liberties of private ownership, but what limitations are 
impo.sed create indirectly a minimum area, by such means as 
regulating the distance of wells from boundaries, dwellings, boiler 
house, etc., thus automatically rendering plots of small area as 
separate units valueless. Negligent or unskilful development of 
a single plot may imperil a whole field by admitting unexcluded 
water to the oil sands. Lik.nvise improvident proprietors may 
endanger hundreds of wells by fnlure to adopt precautions 
against fire or suitable oil control devices. In the United States, 
where oil lands are generally privately held, local regulations or 
accepted customs eventually solve the difficulty, although serious 
abuses have been witnessed at rich areas like Spindle Top, Texas, 
where single well locations were bought and sold by speculators 
with deplorable results, which it is hoped will not be repeated. 
The general adoption of the lo dessiatine—27 acre—unit in Russia, 
aased originally on Baku practice, has been a great hindrance to 
;he normal development of other less rich fields in that country, 
and is a proof of the fallacy of standardising a unit of area for a 
:ountry. 

Land% in the United States are divided into ranges, townships 
36 sq. miles), and sections (i sq. mile), all square blocks, so that 
i separate lease, only in exceptional circumstances, is less than 
to acres, 1', of a square mile, the minimum area of land grant. 
The land subdivisions in the United States apply only to the 
vest and middle west, the older States having been settled before 
he scheme was evolved. Hence in Pennsylvania^ etc., irregular 
loldings are the rule. Certain oil-fields extend within the 



^4 Oil-Field Development 

boundaries of villages and towns, like Oil City and other 
Pennsylvanian towns, and Los Angeles, where wells are sunk in 
the gardens of houses by arrangement with the proprietors. 
Californian oil leases frequently consist of units, or groups of 
I sq. mile units, although in rich centres subdivision has led to an 
area of 40 acres being common. 

Public oil lands in the various States of the Union have, in the 
past, been acquired under placer law, and arc, with the exception 
of Texas, under the control of the Federal Government. Large 
areas of land were alienated for agricultural purposes before their 
oil value W'as known, and these constitute the bulk of the numerous 
properties so extensively worked in the country. Naval require¬ 
ments, need for conservation of oil and gas lands, and the high value 
such lands have assumed, led the Washington Government in 1910 
to withdraw all known oil and gas lands from public location, with 
the intention of formulating suitable law.s and regulations for 
future disposal. 

Lands acquired within petroleum reserves under placer law 
prior to 1910 are valid so long as the stipulated obligations are 
fulfilled, but the conditions of holding are known to be unsuitable 
to fluids. It was realised that under the provisions of placer law 
powerful corporations could, at inconsiderable expcn,sc, obtain 
control of large areas, and retain them by S('me pretence of work; 
Means were also found to secure valuable oil land under the subter¬ 
fuge of other minerals, entailing far less expenditure to fulfil the 
requirements of discovery. 

The F'ederal Government granted to the various States of the 
Union at the time of their incorporation a certain amount of land, 
the proceeds of which were to be applied to the support of schools 
and State institutions, but in this area was not to be included 
lands known to contain minerals. In many cases State lands have 
been found to be underlain by oil, and thus the States themselves 
have become possessed of territory which they are entitled to 
lease on such terms as they may decide. 

California and Nevada have interpreted the original intention 
of the Federal Government to retain all mineralised ground, and 
have through their legislatures disclaimed title to such lands^ thus 
allowing them to revert to the application of Federal laws. Texas, 
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which controls its own mineral lands by the terms of its 
incorporation in the Onion, has restricted sales of oil and gas 
lands to 640 acres, except in certain cases when 1,280 acres may 
be taken. 

Several of the States have fixed the maximum area of oil and 
gas land to be acquired by a single person or corporation at 640 
acres, and in the Indian (Choctaw, Chickasaw, Cherokee, Creek, and 
Seminole) reserves of Oklahoma a maximum of 4,800 acres has 
been wisely insisted upon. Osage lands are leased in blocks of 
between 320 and 5,120 acres, and all Indian leases are subject to the 
approval of the Federal Government, as protectors of the Indians. 

An attempt was made in 1915 by powerful interests to force 
the hands of the authorities in the case of the 4,800 acres limit law 
of the Indian territory above referred to. Offers were made to 
construct pipe lines into new territory if larger grants of land were 
made to the promoters of the scheme, it being claimed that such 
small acreages did not justify the capitalists expending the large 
sums the projects involved. Fven ordinary small producers were 
induced to support such demands in the hope of finding a quick 
outlet from lands held. 

Land tenure in the United States is "surrounded by some 
difficult problems, arising from the withdrawal of public lands 
from mineral location, settlement, selection, filing, and entry 
under mineral public land law.s. The President has exercised his 
authorify under the Act of 25th June 1910 to withdraw all known 
oil and gas lands in the States of California, Wyoming, and else¬ 
where from public location to form a petroleum reserve, and 
a number of cases awarded in favour of location owner in local 
courts are under appeal, and in partial abeyance pending re¬ 
consideration of the laws at Washington. 

Litigation of great importance, involving enormous stakes, is 
pending between the Southern Pacific Railway Company and 
the U.S. Government. The Government endeavours to secure 
cancellation of certain patents, alleged to have been Improperly 
obtained by the railway company in 1904-5 under the Act 
of 1866 — lands subsequently ascertained to have high valuer 
for oil. Other vast areas acquired under patents, particularly 
excepting all mineral lands except iron and coal, are the subject 
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of dispute, it being affirmed that patents were procured by false 
representations, and knowledge of the occurrence of petroleum 
and other minerals. The oil lands are largely held by the 
Associated Oil Company, the holding subsidiary of the Southern 
Pacific Railway Company, and their extent and value is immense. 

In Roumania and Galicia oil lands are mainly held by the 
peasants. As agricultural countries, the great landlords acquired 
the rich plains, magnanimously leaving to the peasants the 
assumed valueless hilly districts where the oil-fields are almost 
exclusively located. Customs of heredity have led to the sub¬ 
division of property into narrow strips, as each proprietor in turn, 
on his decease, divided up the property amongst his children. 
Estates miles long and a few yards wide are common, and with¬ 
out amalgamation it is often difficult to select a well site that 
will fulfil the Government regulations. 

An independent oil property in Galicia must have a minimum area 
of 12,000 sq. metres (about 2 acres), and a width of at lea.st 60 metres. 

A feature which seriously impeded the natural development 
of proved oil-fields in some countries was the question of title. 
The rightful owner was difficult to discover, or he carefully con¬ 
cealed his identity till his relations and friends had been gener¬ 
ously rewarded as supposed owners, and .serious work was well 
in hand. The rightful heir appeared in due course, and in¬ 
dignantly demanded the removal of plant, unless extortionate 
compensation were paid. So scandalous became this ‘ practice 
of extortion in Roumania, that the Government was induced to 
protect would-be operators by a Rill called the Consolidation 
Law, empowering a court of law to hear evidence of title, and 
decide upon the merits of various claimants. Registration of 
title in this court after adjustment of all disputes established 
good title, and no wise operator dreams of working Oil peasant 
lands without the land being coasolidated. 

The mineral rights are alone leased as a rule in Roumania, 
the peasants retaining the right of occupying the surface, where 
it does not interfere with the oil-field work. Twenty-nine years 
is a usual term of lease, and the conditions are either a royalty, 
rent, or both, or lump-sum payment. 

Prolonged and involved litigation arising out of land tenure 
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an conquered territory has for years effectively delayed the 
development of many oil areas in Russia, where rival claims of 
the peasants and the Government cannot be adjusted. Owners 
of land in the vicinity of the Baku oil-field were forced to prove 
the validity of their titles, but this did not empower the Govern¬ 
ment to suspend working on disputed leases, as they would, in 
the meantime, have become valueless by activity on adjoining 
lands. Some litigation continued for many years, during which 
period millions of tons of oil were extracted and sold. The 
Russian Government eventually won the cases, and much curiosity 
was aroused as to the means they intended to adopt to recover 
their royalty. Tenants were, however, treated with consideration, 
and they were allowed to continue in occupation on payment of 
a moderate lump sum in compensation for oil extracted. 

In undeveloped or partially developed British possessions like 
Burma, Trinidad, and Egypt, there has long been a disposition to 
grant first short-termed exploration licences for conducting a 
flying survey and geological examination, followed by a prospect¬ 
ing licence granting greater facilities over less extended areas, 
with definite obligations for a certain period within which a 
development lease must be applied for over some prearranged 
maximum proportion of the pro.specting licence. Under such 
conditions the .square mile unit is convenient and adopted, but 
autjiorities would be well advised to retain alternate plots or 
groups of plots until the true worth of the area has been con¬ 
clusively demonstrated by fairly extensive operations. 

Petroleum leases rarely convey other rights than power to 
occupy the necessary land for the operations of drilling for 
petroleum or gas, and compensation on a liberal scale is often 
provided for damage sustained by buildings, trees, cultivation, etc. 
The title deeds of land in some countries specially reserve to the 
Government all mineral rights, and the authorities are empowered 
to grant mining leases on such terms as they may determine, 
although provision is usually made for suitably compensating 
disturbed owners of surface rights. 

In South American Republics, where the Spanish mining laws ' 
are left almost intact, petroleum, though not specifii^lly included, 
is treated under the same category as some other minerals, and 
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prospecting rights, or pertinencias, rrray be secured by payment of 
1 nominal sum to the nearest official of the mining department. 
A full mining lease over certain selected areas may be subsequently 
obtained by a declaration of discovery (denouncement), and the pay¬ 
ment of larger fees and an annual rental. In Peru the annual charge 
For a pertinencia of 4 ha. (say 10 acres) is 30 soles (;^3). 

Venezuela allows a unit of i ha., and demands an annual rental 
jf I bolivar (lod.), as well as a royalty of 1 bolivar per ton of 
jil produced. In the Argentine the exploration licence covers 
500 ha., but in open lands up to 2,000 ha. may be acquired in 
me block; with one unit 140 days are allowed for exploration, 
5ach further unit adding 50 days. Pertinencias are 18 ha, in the 
:ase of fuels. For some years the Goverrtment has endeavoured 
:o develop some of the better known areas, the lands being with- 
irawn from the public. 

In Bolivia an oil lease in newly discovered districts li5id a 
maximum area of 64 ha., entailing semi-annual payments of certain 
lues; but this is temporarily in abeyance, a law having decreed 
:hat for five years, from the 1st January 1912, no fees are to be paid. 

In Mexico the law of 1883 placed the ownership of oil deposits 
vith the landlord. This was one of the factors which enabled 
:he industry to go ahead, as large areas were obt lined on easy 
:erms at the wild-catting stage, the /everse holding good now 
n developed area.s. In July 1912 the Government introduced a 
:ax of 20 centavos (5d.) per ton on all oil produced. 

Columbia has much the same law as Mexico. 

Russia presents a variety of interesting problems in connection 
ivith land tenure and oil rights, especially in the conquered 
provinces of the Caucasus, where the great oil-fields are located. 
Prospecting licences [zayafki) are granted in unproved territory 
For one to two years at a rental of 5 roubles per dessiatine (say 
3s. yd. per acre) on units of 37^ dessiatines (about too acres), from 
which 10 dessiatines (27 acres) can be selected, and a lease called 
in otvod taken out if oil be found. Evidence of research and 
discovery must be given before an otvod will be granted, but 
:ompliance with the law is usually met by digging three shafts 
to about 30 or 40 ft. As soon as a district has been declared 
ail-bearing, only development leases {ptvods) will be granted. 
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The minimum unit of area permitted under Russian law for an 
3 il property is one dessiatine (2.7 acres). 

A curious and unique custom prevails in the Yenangyaung oil- 
teld of Upper Burma, where certain native well owners, Twinzas, 
aossess ancient and hereditary rights, recognised by the Government, 
aver well sites inscribed by a circle 60 ft. in diameter (.065 of an 
icre). Hand-dug shafts were sunk into shallow oil sands, and a 
Deasant industry long flouri.shed, but the proved existence of rich 
deeper sands, which mechanical drilling alone could reach, led to 
ceen competition for their acquisition by operating companies, and 
n consequence, much congestion of wells on the 200 acres composing 
:he field. 

Realising the value of an oil strike on an estate, it is not unusual 
or an enterprising proprietor to offer a bonus of free oil rights over 
i certain acreage to a prospector who will undertake to sink a few 
:rial wells in likely territory. 

Royalties and Consideration in Leases. —Royalties are 
jayable in kind or in value, -.ither as a fixed percentage or on a 
^redetermined quantity or valuation per unit of volume or weight, 
t is curious that volume, which is a variable factor dependent upon 
emperature, should have become accepted in some countries as the 
init of calculation. 

Many interesting problems ari.se from the consideration of 
oyalties. Payments in kind are obviously inconvenient in mo.st 
:ases, and are only acceptable by Governments, public bodie.s, or 
he few lessors requiring petroleum for some purpose. Its period 
)f free storage and the losses sustained by such storage often entail 
lisputes, but there is the advantage that, whatever the state of the 
narket, the lessors obtain the full benefit. Percentage royalties 
)ayable in cash are open to the difficulty of amicably fixing a price 
if crude oil, no simple matter when there are no regular dealings 
ir accredited oil exchanges. Operating companies naturally object 
o the contents of their books being disclosed, and if the lessee both 
(reduces and refines', and it is required that the value of the crude 
lil shall be calculated from the .selling prices of a dozen products, 
1 as many or more markets, confusion reigns supreme, especially 
inder the skilful and mysterious work of book-keeping. 

A fixed cash sum per unit of measurement involves no intricate 
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calculations, and the main objection lies in the burdens it is 
supposed to impose at periods of low prices, and the excessive 
profits it credits to producers at times of prosperity. This form 
of royalty constitutes a simple, clean transaction which makes it 
popular. 

Russia has provided instructive examples of Government 
endeavours to pacify indignant producers by readjustments of 
royalties at periods of extreme depression and great prosperity. 
Original nominal rentals were unque.stionably too lenient, and were 
subsequently replaced by a fi.xed sum per unit of weight. Definite 
sums per unit of weight were the object of vigorous protests from 
producers when prices were low, and by those not holding lands 
when prices were high. The Government was alternately charged 
with intentions of ruining the industry and with unfairly supporting 
a few favoured ones according as prices fell or rose, and at times 
sufficient pressure was brought to bear on the authorities to cause 
them to modify the terms of royalty. As is commonly the case, 
the producers themselves were the first to regret their agitation, as 
it almost invariably acted against their interests in due course. 

Sometimes leases are subject to reduced royalties with increased 
outputs, with the otiject of stimulating development, but in 
Russia these terms were fiercely assailed at periods of over-pro¬ 
duction and low prices, whilst popularly demanded at times of 
more restricted output to prevent the locking up of Government oil 
lands. 

Throughout the United States the prevailing royalty varies from 
one-tenth to one-sixth, and where exceptionally rich land has been 
disclosed by drilling, premiums are demanded on the basis of fixed 
sums per acre, a much more satisfactory plan than imposing 
royalties that will at no distant date burden the industry to an 
extent which renders exploitation unprofitable. • 

In the State of Texas a fixed minimum charge is made of 
$15 an acre on oil and gas lands .situated within 10 miles of a 
railway, and $10 an acre on lands more distint; but prospecting 
is allowed for one year free of the above charge. Colorado demands 
a royalty on State lands, the amount being fixed by Land 
Commissioners. In Wyoming, State lands supposed to contain oil 
are leased for five years, with obligations to perform work, at an 
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annual rental of $i6 per acre, and a royalty of lo per cen\. of gross 
production of oil. New Mexico imposes a minimum rental ol 
$25 per quarter section (160 acres), and a minimum royalty ol 
5 per cent, on gross production for five years only. 

Oklahoma grants oil and gas exploitation rights to the highest 
responsible bidder at public auctions. The period is five years, 
and no offer of less than 12 J per cent, is entertained. Indian reserve 
lands are leased for oil on a basis of a 15 cents to 70 cents per 
acre rental, merging into a royalty of not less than I2i per cent, 
for a period of ten years. For gas wells an annual royalty of 
$100 is payable, or $50 if used only for private purposes. 

Lands allotted to Indians outside the reserves may be leased 
for twenty years subject to permission of the Commissioner of 
Indian affairs. Royalties may be revised at five year intervals, 
and a bond of $1,000 is demanded. Osage tribal lands in 
Oklahoma are offered by auction, approved by the Secretary of 
the Interior. A rental of 15 cents, 30 cents, 50 cents, and $1.00 is 
demanded for the first foui years, and $i per acre per annum 
afterwards, merging into royalties of i6f per cent, on gross pro¬ 
duction based on market value of the oil, on not less than a 
guaranteed minimum of 60 cents per barrel. Gas sold is subject 
to i6j per cent, of actual value realised. 

Unproven lands are frequently leased on a 10 per cent, basis, 
with no onerous obligation to drill unle.ss oil is struck in the locality. 
Canadilin farmers of Ontario have often derived a welcome 
supplementary income by a 10 per cent, royalty on oil or gas 
extracted without hindrance to agricultural pursuits. A fixed 
annual charge of from 25 cents to 50 cents per acre is charged 
on oil and gas lands in Manitoba, Saskatchewan, North-West 
Territory, and Yukon, the lease being for a period of twenty-one 
years subject to renewal on certain terms. British Columbia imposes 
a rental of 15 cents per acre for five years, with a royalty of 2^ 
cents per barrel on all oil extracted, but vigorous and continuous 
development work te specified. A bounty of cents per imperial 
gallon (17s. per ton) is paid by the Canadian Government on all 
crude oils produced or put in storage in Canada. 

When the existence of oil has been virtually proved by neigh¬ 
bouring operations, royalties are often increased somewhat, and 
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substantial bonuses demanded in addition, the latter varying from 
4s. ($i) to as much as £io or £^o ($150 or $200) per acre. Favour¬ 
ably located Illinois oil lands in 1907 were frequently acquired at a 
premium of £10 ($150) per acre, in addition to one-eighth royalty: 

($25) per acre is quite a common bonus. 

In 1915 the sinking of a single gas well of 50,000,000 cub. ft. a 
day capacity, near Corpus Christi in' South-West Texas, led to 
many thousands of acres of land being taken up by producers and 
speculators in the county of San Patricio. Owners of land 
demanded and obtained premiums of $5 to $50 per acre and 20 per 
cent, royalty, and even short options were sold for $2 to $35 
per acre. 

Proprietors of oil and gas lands frequently stipulate in their 
leases that they are entitled to as much gas as they require for 
their personal, domestic, and farm purposes. 

An interesting and unusual practice flourishes in Roumania, 
whereby peasants sometimes receive an agreed sum per productive 
well or hand pit sunk. These amounts vary from 500-600 francs 
per well. The customary practice in Moreni is to demand a fixed 
royalty of 10 per cent, in cash, the price being generally based 
on the prevailing official quotation for the quality of crude oil 
extracted. Remuneration in other districts is generally less. 

Galician royalties average about 14 per cent, in the rich fields, 
and a regular trading in royalties is conducted. Royalties are 
subdivided into single percentages, or even fractions of i p6r cent., 
and there is a market valuation which constantly fluctuates with 
the prospects of the property or well on which the royalty is held. 
These royalties are payable in kind, and the credit notes find a free 
market and authorise holders to take delivery of the quantity of oil 
they represent. 

Royalties in Russia vary according to the administration under 
which they fall. In the Baku oil-fields, the original 27-acre leases 
were granted for a payment of 10 roubles per dessiatine (7s. 5d. 
per acre) for the first ten years, 100 roubles per dessiatine for the 
next ten years, the rental being multiplied by ten at each ten-year 
period. 

A curious situation arose in 1913, following the offer by the 
Russian Government of a number of ofi-bearing plots of land in the 
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Baku oil-fields of Russia, under somewhat novel and unprecedented 
conditions, doubtless designed to reconcile conflicting views. The 
tabulated statement is abstracted from the full list of lands offered, 
and is representative of those offered in the six areas enumerated. 

Leases were for a period of twenty to thirty years, and besides 
a stipulated minimum amount of drilling, there was a payment on an 
obligatory minimum annual production that attained its maximum 
in nine years. Presumably with the idea of stimulating develop¬ 
ment, the Government requested offers on the basis of a cost of 
production, the difference between the market price of oil and the 
tendered cost of production as the minimum being payable to 
the Government; consequently, in the event of a true cost of 
production being preferred, the lessee would derive no profit from 
the minimum production, but take all his profits from any surplus 
of production, subjected to a straight 20-25 per cent, royalty. 

Keen competition arose for the good plots, with the curious 
result that not only were many petitions put in with a cost of 
production put at nil, but actually minus costs up to as high as 
—47 copecks per pood ; that is, not only would lessees pay to the 
Government the whole of the value of the minimum obligatory 
production, but 47 copecks per pood also. With oil at 30 copecks 
per pood, the Government would be paid 77 copecks per pood on 
the stipulated minimum, and lessees would rely upon the profits of 
surplus oil subjected to 20-25 per cent, royalty to pay them, 
as well as refund the difference of 47 copecks plus their cost of 
production. The Government rightly rejected all tenders, and 
withdrew the lands, as it was quite clear that such offers were not 
made by bona-fide operators intent upon normal development, but 
by speculators or operators desirous of protecting neighbouring 
properties. Both would eventually have to bear unsupportable 
burdens before the thirty years expired, and a fall of‘prices to 
a low level would have entailed losses at any time that even 
the richest firms would have found embarrassing. 

On other occasions Government lands put'up to auction were 
secured at from 25-75 per cent, royalty: the higher bids were niade 
either to secure lands to protect existing properties, or to wasteful!/ 
exploit by driving to fountain sources, and abandoning the property 
vyhen the flush production was abstracted, unless the authorities re- 
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considered the royalty. When advertised for auction on the basis of 
a fixed sum per unit of weight, amounts fluctuating between i copeck 
per pood (is. 4d. per ton) and 12 copecks (15s. gd. per ton) were 
bid, the figure differing greatly, as would be expected, with the 
state of the market. 

Much could be written on the earnest endeavours of the 
Government to afford bona-fide producers opportunities to acquire 
re.serve oil lands, and the way these efforts were frustrated by the 
clever devices of .speculators. 

Cossack lands in Russia are subject to an annual rental of 25 
roubles per dessiatine (20s. per acre) and i copeck per pood (is. 4d. 
per ton) royalty on oil produced up to 1,000,000 poods (16,000 
tons), and 1 copeck per pood (Hd. per ton) on larger quantities. 
The lease is for a period of tu'enty-four years, but the Cossack 
Administration has the right to impose new royalty conditions 
at the end of twelve years if continued possession is desired. 
Some leases in the best territory in Grosny field, which came 
up for consideration in this v ay, were subsequently renewed on 
percentage terms acceptable to the lessees. 

The Burma royalty is 8 annas per 100 viss (5s. per ton) to 
the Government, but intermediaries who acquired oil lands and 
transferred them to others, and Twinza proprietors often demand an 
additional 8 annas per barrel. Basing the value of oil at 5 rupees 
a barrel, the Government royalty is equivalent to 10 per cent. 
Double royalties, such as are exacted in many cases, are a serious 
burden on operators, in all but the exceptionally rich areas. 

During the maximum productive period of the Yenangyaung 
field, by which is meant the time when the best yield was obtained 
per well, and the richest sources of moderate depth were being 
exploited, prices of £3,000 ($14,400) were paid for individual sites. 
This works out at a rate of about £46,000 ($220,000) per acre, and 
as a yield of about 20,000 tons (150,000 barrels) per well was at that 
time an optimistic estimate, this represented an additional charge of 
about 3s. per ton (qt* cents per barrel). 

Royalties are generally payable on the net production of 
petroleum, by which is meant that all oil necessary for the working 
of the properties may be used free of royalty. Unless carefully 
guarded against, costly disputes may arise from this clause, as 
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claims have been made and upheld for oil lost by fires, soakage, 
and other causes not entirely attributable to neglect. 

Interesting and useful discussions arose in Russia from the net 
production clause, which are worthy of close attention. When 
electrical power was introduced into the Baku oil-field bylpublic power 
stations, lessees of oil lands complained that in paying the electric 
power companies for energy consumed they paid also for oil used as 
fuel, which, of course, released an equivalent amount of fuel oil on 
their properties subject to royalty. They consequently correctly 
argued that they were being penalised for introducing economies 
on their properties. The Government admitted the justice of the 
claim, and eventually made an acceptable allowance to lessees who 
purchased electric power from outside sources. 

In Burma the Government impo.sed a tax on boilers burning 
oil on the oil-fields, for the purpose of revenue, and unintentionally 
effected an important inducement and praiseworthy incentive 
to utilise natural gas, which had hitherto been neglected for some 
unknown reason, although there was plenty available, and the 
.system of working was particularly suitable for its collection. 
This idea is worthy of repetition in other fields, as an incentive 
to that economy which appeals so much to all engineers. 

Petroleum royalties should be impo.sed on a graduated .scale 
to ensure absolute fairness to landowners and operators, but this 
could only be undertaken when dealing with pubiic authorities or 
large bodies. Farmers and small landowners cannot be expected 
to understand the intricacies of mining customs and laws, and they 
usually view with suspicion any suggestions based on uncertainties 
that they are quite unable to appreciate. The scientific treatment 
of royalties would have to be separately undertaken in each field, 
with knowledge of all local conditions, and include several variables, 
as the price of oil is such a fluctuating one and the cost "of labour 
and materials a changing factor. It must be recalled that original 
long-period leases are usually made when oil is first discovered and 
when little or nothing is known regarding the potentialities of the- 
field. A value is established by the law of supply and demand in 
the same way as the price of other commodities is fixed, but 
subsequent eyents may prove the market value to be inflated dr 
under-estimated as it was not founded on any ascertainable baai^ 
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The cost of developing an oil-field and the cost of extracting 
oil usually increase with the age of the field, in consequence of the 
diminished productions per well, and often necessary deeper 
drilling; consequently, other conditions remaining constant, the 
returns for a definite expenditure are reduced and the royalty 
constitutes the only factor that could be reduced to avoid all profit 
being eventually obliterated ; but against the increased cost of 
operating there is often a rise in the price of oil that entirely or 
partially neutralises the reducing yield, at least for a time. If the 
cost of drilling wells and extracting oil remained fixed the equation 

(average production per well) x (price of oil) = constant 

would represent a stationary state of affairs, but if working costs 
increase, the constant is displaced by a figure with an annual 
augmenting value. Applying the above formula to known oil¬ 
fields a value for the constant could be determined above or 
below which the local industry is in a flourishing or a depre.ssed 
state. 

Obligations in Leases.—Lessors of oil lands are rarely so 
careless or unbusinesslike as to lease their lands on a royalty 
basis without certain obligations, unless substantial bonuses or 
rentals are paid, which are regarded as ample compensation for 
inactivity. Both public authorities and private landowners have 
experienced the difficulties attending the fixing of definite obliga¬ 
tions which impose no unfair burden on lessees. Private land- 
owners may be divided into two cla.s.ses—the cautious, thrifty 
ones, and those endowed with speculative instinct.s. The former 
prefer a definite rental, minimum annual royalty, or other 
fixed payment. The latter choo.se to throw in their lot with 
the lessees and rely upon production for their remuneration, con- 
sequently'insisting upon drilling obligations within definite periods. 

Public authorities have in view a dual purpose when drafting 
leases. They not only desire revenue, but they strive to create 
a local industry which in turn benefits the public exchequer in 
a variety of indirect ways, often more important than the revenue 
from royalties. Townships spring up, increasing the value of 
land, and attracting population to support the^many trades 
which are automatically drawn by a thriving enterprise. The 
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introduction of great quantities of plant and machinery necessitates 
transport and repairs, and often refineries are the eventual out¬ 
come with their associated industries. 

A minimum payment calculated as a royalty percentage 
from an assumed price of oil is frequently inserted in leases, 
and it is often a fluctuating amount increasing at stipulated 
intervals. Minimum royalties merge into percentage royalties, 
and are made to apply to each year separately. Sometimes 
development work is encouraged by decreasing the royalty with 
increments of production. Thus the first 10,000 tons in any one 
year might be subject to 10 per cent, royalty. The second 10,000 
tons to 7.5 per cent., and subsequent production to 5 per cent. 

The imposition of minimum working conditions is not the 
simple matter it appears at first sight when leasing new lands 
where no standard of work has become recognised. It is usual 
to aim at a definite amount of drilling per unit of area, and is 
arrived at by reasoning backwards from the following assumed 
or imperfectly appreciated data. 

1. The number of wells per unit of area the land will 

support. 

2. The life of the wells. 

3. The number of sources of oil. 

4. The time of drilling a well. 

5. The average depth of welhs. 

6. The average production of wells. 

One thus arrives at an approximate annual minimum footage 
per unit of area that will keep engaged a certain number of drill¬ 
ing rigs that should, with good fortune, attain and maintain a 
minimum output during the period of the lease granted. 

In new territory a footage rate is often unfair, as the difficulties 
of drilling are unknown, and the author has always advocated 
in preference the maintenance in constant operation of at least 
one modern rig per fixed acreage, until a minimum production 
has been reached, suitable interpretations df this clause being 
inserted in the licence or lease. 

Peasants and farmers have often been constrained to part with 
their oil rights in ignorance of their prospective value, pr by 
. misleading or seductive promises which enabled lessees to evade 
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work, and either speculate with the land or hold it up. In some 
of the United States oil-fields custom has superseded law, and 
the courts support applicants for relief upon moral and equitable 
grounds. A farmer who has disposed of his rights on a royalty 
basis may demand a well to be drilled to offset a producer near 
his boundary on an adjoining property. Failure of the lessee 
to comply with this reasonable request imperils his holding, as 
the proprietor may grant the right to others, and he can scarcely 
anticipate any compensation if he invokes litigation. 

The Roumanian Government has construed agreements in 
much the same common-sense way, and by the “Ten Years’ 
Law,” which was passed in 1914, no oil leases may be held up 
and remain undeveloped for a period of ten years. If approved 
work is not conducted on peasant lands within the specified time, 
the agreements are automatically cancelled, and the rights revert 
to the landowner. Although the passage of the “ Ten Years’ Law ” 
was deliberate, and its application intentionally directed against 
the leading operating groups vho were securing control of large 
reserve areas in the country, with no immediate intention of 
seriously prospecting, there were some who opposed its principles 
on the score that it encouraged too rapid ‘development. These 
opponents feared that a policy might be created whereby opera¬ 
tions would be concentrated in newer fields, and large flush yields 
would so reduce prices of crude oil that the older and widely held 
fields could not be worked at a profit. 

In formulating obligations rea.sonable provision should be 
made for reserve land. Whilst purely commercial considerations 
may dictate intensive but expensive and wasteful development 
3f oil land, public opinion is becoming increasingly hostile to 
’.his class of work, and the cautious operator works methodically, 
ind spaces his wells to secure the maximum depletion of the 
and with a minimum of cost, the period of extraction being 
hereby lengthened. It will be found increasingly difficult in 
he near future to Endanger natural sources of mineral wealth 
)y incautious work, and to allow thousands of millions of cubic 
eet of natural gas to go to waste merely to suit the convenience 
ind pocket of an operator in search of some, for the time being, 
nore marketable or more remunerative source underlying the 
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neglected sand. In leases of public lands clauses dealing with 
waste and approved workmanship are often incorporated. 

Whilst a strong advocate of the conservation of natural re¬ 
sources and reasonable restrictions to safeguard public lands, the 
author would venture to issue a warning against undue interference 
in the details of property working. There is an inclination to 
multiply the restrictions to a needless and irritating extent, which 
only serves to arouse the antagonism of those in control. 

Below is an example of a typical lease made by farmers in the 
Ontario oil-fields of Canada 

THIS LEASE, made the day of A.D., between 

of , in the County of 

and Province of Ontario, farmer, hereinafter called the lessor, of the first part, 
and , hereinafter called the lessee, of the second 

part. In consideration of the agreements herein contained, the lessor does 
hereby grant and lease unto the lessee, for the term of five years, and so long 
thereafter as oil or gas is produced from the land leased in paying quantities, 
the exclusive right to drill for and produce petroleum and natural gas, aid the 
right to conduct all operations necessary for the production, storage, and 
transportation of oil or natural gas, with the right to use water and gas (if 
found) for the necessary engines, and to remove all machinery, fixtures, etc., 
placed by the lessee on the premises, namely : , in the 

Township of , County of , Province of Ontario, being 

acres more or less. No wells to be drilled within feet of 

buildings without lessor’s consent. The lessee to deliver to the lessor on the 
premises, free of cost, the one-ten.h part of all petroleum produced and saved 
from the premises, and to pay one hundred clollais (8ior} pet annum for each 
gas well from which the gas is marketed for lighting any village, town, or city. 
If the lessor shall request it, the lessee shall bury all oil and gas lines below 
plough depth. 

Lessee to pay compensation fo. .any actual damage to crops or improvements 
caused by operations, to keep all gates closed and fences as found, and to pay 
all taxes rated on any property or effects he may place thereon. 

This lease to be null and void and no longer binding on either party if 
operations for drilling are not commenced on the premises within days 
from this date, unless the lessee shall thereafter pay yearly to lessor twenty- 
five cents (25^) per acre for delay, ^ 

It is understood between theparties to this agreement that all the condi¬ 
tions between the parties hereunto shall extend to their heirs, executors, 
administrators, and assigns. 

Lessor to have free use of gas (if found) for household purposes on the 
premises during said terms. 

SIGNED and sealed by 

The following is an example of an oil and gas lease used in the 
Pennsylvanian oil-field:— • 
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THIS INDENTURE, made the day of A.D. 19 

between of the of County of 

and State of , lessor, and , 

lessee. 

WITNESSETH, that the lessor, in consideration of dollars, the 

receipt whereof is hereby acknowledged, being rental in advance for 
months from the date hereof, does hereby grant, demise, and let unto the said 
lessee, all the oil, gas in and under the following described tract of land, with 
covenant for the lessee’s quiet enjoyment of the term, and that lessor has 
the right to convey the premises to the said lessee ; together with the exclusive 
right unto the lessee to operate and drill for petroleum and gas, to lay and 
maintain pipe lines, to erect and maintain telephone and telegraph lines, and 
buildings convenient for such operations; and the right to use water and gas 
from said lands in operating same, and right of way over same for any purpose, 
and right of ingress, egress, and regress for such putjioses, and of removing, 
either during or at any lime after the term hereof, any properly or improvements 
placed or erected in or upon said land by said lessees, and the right of sub¬ 
dividing and releasing all oi any part of all that tract of land situate in the 
of County of and Slate of , 

and bounded and described as follows, to wit:— 

On the North by the lands of ; 

on the East by the lands of ; 

on the South by the lands of ; 

on the West by the lands of ; 

containing acres, more or less. 

TO HAVE AND TO HOLD unto and Jur the use of the lessee for the 
term of years from the dale hereof, and as much longer as oil or gas is 

produced in paying quantities, yielding to the lessor tfie one-eighlh part of all 
the oil produced and saved from the premises, delivered free of expense into 
tanks or pipe lines to the lessor’s credit. 

Should a well be found producing gas only, then the lessor shall be paid for 
each such gas well at the rate of dollars for each year, so long as the 

gas is Sold therefrom, payable quarterly vv'hile so marketed. 

Lessee agrees to complete a well on said premises within months from 
the date hereof, or pay the lessor dolhirs each three months in 

advance from the day of until said well is completed or 

this lease surrendered. And the drilling of such well, productive or otherwise, 
shall be full consideration to lessor for grant hereby made to lessee with 
exclusive right to drill one or more additional wells on the premises during the 
term of this lease. Lessor is to fully use and enjoy said premises for the 
purpose of tillage, except such parts as may be used by lessee for the purpose 
aforesaid. Lessee is not to put down any well on the lands hereby leased 
within ten rods of the buildings now on the said premises without the consent 
of the lessor in writing. Lessor may, if any well or wells on said premises 
produce sufficient gas, hav^ gas for domestic purposes for one family, the lessor 
paying for connections at such points as may be from time to time designated 
by lessee. 

The above rental shall be paid to lessor in person or by check deposited in 
post office direct to And it is further agreed that lessee shall 

have the right to surrender this lease upon the payment of • dollars, and 
all amounts due hereunder and thereafter shall be released and discharged 
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from all payments, obligations, covenants, and conditions herein contained, 
whereupon this tease shall be null and void, and that all conditions, terms, and 
limitations between the parties hereto shall extend to their heirs, successors, 
personal representatives, and assigns. 

Lessor agrees that the recordation of a deed of surrender in the proper 
county and a deposit of all amounts then due hereunder to lessor’s credit in 
bank shall be and be accepted as full and legal surrender of 
lessor’s rights under this lease. 

IN WITNESS WHEREOF. We, thd said parties hereto, have hereunto 
set our hand and seals the day and year first above written. 

Valuation of Oil Properties, Lands, and Royalties. — The 

valuation of oil properties demands skill and experience which 
only long practical training can develop. A competent engineer 
can value the plant by an inspection, but in estimating the pre.sent 
value of oil wells and partially exhausted territory, only long and 
wide experience can be of use. An examination and dissection of 
carefully compiled records, whilst exceedingly useful, may prove 
very dangerous unless correctly interpreted in connection with 
other data. Book-keeping works wonders with figures in skitful 
hands, and one may easily be led astray by the proverbial red 
herring. 

In considering the future value of a property, neighbouring 
operations must not be overlooked, and the extent and nature 
of the development of adjoining lands must be investigated. 
Petroleum being a liquid is unlike coal and solid minerals which 
nothing but a veritable catastrophe will transpor e from the spot 
where they rest till attacked by miners; as a mobile fluid' oil is 
readily deflected, easily missed by careless drilling, and its sources 
ire open to the hostile invasion of water rvhich may defy all efforts 
to control. 

The valuation of machinery and buildings needs no comment 
IS it is a normal engineering problem requiring only special know¬ 
ledge where drilling tools and accessories are involved* Oil wells 
issume a different aspect, as vendors usually endeavour to inflict 
upon purchasers their full initial cost, arguing that they can be 
deepened or the casing can be withdrawn' or that their life is 
perpetual. 

Prolonged and involved negotiations often precede a sale of # 
producing property, especially as the transfer of a large undertaking 
is rarely effected on a sole cash basis. Usually an intercsf is 
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■etained in shares and debentures or bonds that constitute a prior 
:harge on the profits and sometimes assets of the company till 
■edeemed. Shareholders of the original company thus receive a 
:ash payment and a share distribution, the latter acquiring a 
marketable value that enables participants to realise their holdings 
ind sever their connection with the concern if they so desire. An 
American practice is to amalgamate properties and make a bond 
issue to pay the cash purchase price and provide the working 
:apital, this sum usually approximating to the reasonable valuation 
of the property. Ordinary shares are then distributed as a bonus 
to subscribers of bonds and retained by the promoters as their 
profits. This principle is open to grave objections, as (i) it gives 
to the promoters any high profits that may accrue from trading; 
(2) it makes the raising of subsequent capital difficult, and if so 
raised, depreciates the bonds or preference holdings; (3) it 
encourages extravagant development and unwise distributions of 
dividends to lift the market value of the ordinary or deferred 
shares. 

Cash and share purchase considerations are given quite different 
values in sale negotiations, but the proportion must always be the 
subject of negotiation between vendors and purchasers, and be 
decided on the merits of the property or the projected transaction. 
Special attention should be directed to the question of royalties 
in valuations of oil properties or lands, as these comprise an 
increasingly heavy burden on producers as the age of the properties 
increases. 

There has been some inclination in America to value properties 
by oil content, but for reasons given elsewhere (p. 159) the 
dangers attending this course are great. Many properties could be 
named where the extracted oil must exceed the original oil 
contents by several hundred per cent., assuming the almost pro¬ 
hibitive thicknesses and impregnation of sand. In certain oil-fields 
where the inclination of the strata is small, the density of the oil is 
such as to restrict lateral movement, and the sands are compara¬ 
tively regular in thickness and consistency, some approximate 
figures may be arrived at by assuming a possible percentage 
extraction. ^ 

A practice that has acquired some popularity in the central 
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oil-fields of the United States is to value producing properties at 
some sum, varying with the price of oil, per barrel of settled 
production per diem. The dangers that beset this course lie in 
fixing the settled production, and in the amount of reserve 
territory. Exhaustion i.s so rapid in many of the oil-fields where 
production is only obtained from the compact sands by heavy 
blasting, that the terms flush and settled production need proper 
definition. 

Producing properties supporting royalties of from 10-15 per 
cent, have exchanged hands on a basis of from $300 to $1,000 per 
barrel per diem of settled production. As the average production 
per well and the distribution of wells were roughly known, it was 
possible to estimate approximately from the quoted price the 
amount of developed area involved in the transaction. If this 
proved reasonably correct only the rc.servc territor)' would need 
investigation. 

Californian oil lands were frequently sold outright on a cash 
basis per acre without reservation of royalty. Plots of 40-640 
acres and even big ranches of many thousands of acres were 
disposed of first for $5 an acre, then by increments as operations 
extended until $500,‘$1,000, and even $5,000 per acre were obtained. 
In 1912 the Californian Oil P'ields, Ltd., paid 17,600 ($565,000) 
for 480 acres in the Coalinga fieki; and the Shell group later bought 
out the interests of the Californian Oil Fields, Ltd., for the equivalent 
of £2,600,000 ($12,500,000) with a settled production of about 
11,500 barrels a day, equivalent to a price of $1,100 per barrel of 
settled production. 

The Oil and Gas Journal of April 1914 reported that in the 
Panuco district of Mexico an American paid $10,000 (Mexican) for 
half a hectare plus one-third royalty. Also that 4 ha. had been 
purchased for $27,000 plus one-fifth royalty. • 

One select area of proved value in the Baku oil-fields with 
well-sustained production and nominal royalty was sold for as 
much as £ 18,000 ($86,500) per acre, but this is ti price which possibly 
constitutes a record, although subsequent events showed it was 
more than justified, perhaps to the amazement of the vendor. 
In Roumania and Galicia plots practically proved by neighbouring 
operations and subject to a royalt/of from 8-15 per cent. %re 
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often sold at a figure of from £^o to £600 per acre, according to 
the richness of the particular area in which they lie. Unproved 
territory, where geological conditions are favourable, often realises 
from £4 to £40 per acre, with a 5-10 per cent, royalty. 

Valuers of oil propertie.s should not be beguiled into the 
belief that properties are not impoverished to the extent of the 
quantity of oil already abstracted, and it is absurd to assume 
that production can be maintained indefinitely. The number of 
distinct oil horizons is an important factor, and the grade of oil 
and market conditions must be considered in arriving at an 
average value over a period of years. 

In extensively operated oil-fields an approximate total average 
production per well is known, .so that a proportionate value and 
yield ratio may be often calculated and applied. 

Working costs are naturally an object of investigation when 
estimating the prospective profits of a property under acquisition, 
and in this connection wide differences of opinion exi.st as to 
what is capital and what is revenue expenditure. Unfortunately, 
the regrettable practice of charging drilling expenditure to capital 
and applying .some depreciation factor is generally persisted in, 
possibly because it is a conveniently flexible amount that can 
be applied in a variety of ways to obscure the trading account. 
It matters little how the expenditure is distributed, provided the 
cash peejied for drilling is provided out of revenue, as drilling 
is performed to maintain production, and so is a fair and proper 
charge on production. 

The practice of building up a large capital account, showing 
substantial working profits, and distributing dividends provided by 
the periodical raising of fresh capital, is reprehensible, yet a common 
but cleverly disguised feature of oil finance. Of course a day of 
reckoning ‘comes when capital has mounted to unreasonable 
figures, whilst the properties are actually depreciating in value, 
profits are more difficult to show, and new capital is not readily 
subscribed. 

It cannot be too strongly emphasised that the cost of drilling 
is a fair charge on revenue, as without drilling production dis¬ 
appears, and it should therefore be annually charged up to pro¬ 
duction, instead of being concealed in some general depreciation 
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accdunt as is so often the case. Drilling costs are usually the 
heaviest charge on production, and they should be arrived at by 
dividing the sum expended by the year’s output. 

Some oil companies have always continued the admirable 
practice of charging up all drilling expenditure to revenue, and 
in other departments endeavours are made to adjust depreciation 
so that it provides sufficient to maintain and replace all machinery. 
A new and larger basis of operations, if provided for out of revenue, 
is a justifiable reason for the readjustment of capital account. 

In investigating oil properties, the author always separately 
divides capital and revenue expenditure under some eight or ten 
main sub-heads. By the side of each heading on the capital 
account is placed the depreciation allowed, and if drilling is 
included, the amount per unit of output for the year involved is 
added. The revenue statement is likewise filled up with the annual 
expenditure under the various headings given, and against each 

Capital Kxpenditure Statement. 


De.scriplion of 
Property. 


i . 

I Valiuition. \ 


1914. 

Depreciation. 


Buildings and construc¬ 
tions - - - . 

Oil wells in exploitation 
Drilling, deepening, and 
repairing wells during 
year - - . . 

Pumps, pipe lines, pump 
stations, water, and 
oil - 

Drilling tools 
Engines and boilers 
Workshop machinery 
and tools - 

Tanks and reservoirs - 
Electric installations 
and fittings 

Transport animals and 
appliances 
Materials in store 
Properties - 


\inoiinl. 
\ £ s. s. i/. 


Total value inventory • i 


Per 

t'enl. 


''..lualion. 


1915- 

I Depicciation. 


' Amount 


i l*er 
I Cent. 




£ r. li. I 





Analysis of Expenditure 
Revenue Expenditure Statement. 
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Description of Property on 
which Expenditure Incurred. 

1914. 

1915. ■ 

Production. 

Production. 


Amount. 

Per Parrel. 

Amount. 

I’er Barrel. 

Bailing and pumping 
charges 

Repairs and renewals— 
Wells 

Engines and boilers - 
Pumps and pipe line - 
Electrical installation 
Fuel or power- 
Rents and royalties 
Administration and office 
expenditure - 
Taxes - - - . 

Sundries - - - . 

Cost of production - 
Depreciation - 





Total cost of production - 






is the worked out cost per unit of production. Comparison of 
several years in this way discloses any extraordinary feature 
that might be missed in the analysis of accounts of a single year. 
The true actual cost of production is then the sum of revenue 
charges and the drilling charges, and if the depreciation allow¬ 
ances do not closely correspond with the capital outlay to 
maintain the plant whilst production has been practically 
stationary, it is clear that insudicient has been allowed in the 
accounts. 

Attached are two forms for tabulating data when analysing 
the accounts of a company for valuation as a going concern. 
Items would be modified to suit local conditions and the methods 
of book-keeping adopted, but at least three years should be so 
treated to obtain average results. Depreciation is transferred from 
the capital account to the revenue account, where all figfures are 
divided by the year’s output to find the cost per unit of production. 

Great variations occur in the cost of production, including 
the amount expended on drilling to maintain outpuf. The most 
startling in low cost to come under the author’s notice in his 
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professional work was a property where only a icw mousana 
pounds were originally subscribed, and since that date revenue 
had provided for all requirements, whilst enabling large dividends 
to be paid. All costs amounted to under lo cents per barrel, or 
3s. per ton. One rig was .sufficient to maintain a yield of about 
200 tons (1,400 barrels) daily, as well as clean out the wells, and 
there were eleven men on the propert)' including the manager 
and drillers. There was no royalty payable, and natural gas 
from the well provided all fuel. 

The heaviest costs of production are probably in the Baku 
oil-fields of Russia, where both the system of drilling and extrac¬ 
tion of oil are co.stly. In 1914 the cost of extraction could be 
estimated at about 23 copecks per pood (30s. 8d, per ton), and the 
drilling charge at about 12 copecks per pood (i6.s. per ton), making 
with other expenditure a total revenue charge of 35 copecks per pood 
(46s. 8d. per ton). Taking the best period of the Galician oil-fields, 
when deep wells cost £12,000 ($57,600), and gave ultimate yields 
of, say, 40,000 tons (300,000 barrels) of oil, the depreciation charge 
£12 000 

would be--= 6s. per ton, or say ig cents per barrel. 

40,000 tons 

Exceptional gushers must be excluded from calculations of 
prospects. In cases like the Colombia well cf Roumania, and the 
big wells of Russia, Mexico, etc., the total cost of production may, for 
the time being, be less than one shilling per ton (3.2 ;ent.s per barrel). 

If oil properties arc not supplemented to provide for 
approaching exhaustion of the older areas, depreciation should 
be allowed on the capital value of the lands. It is doubtful 
whether this point is as widely appreciated by shareholders of 
oil companies as by inve.stors in mining concerns, where the 
life of the mine can be roughly foreshadowed, and is constantly 
kept in view. < 

Purchase of royalties should only be made under professional 
advice, as their valuation is a difficult and intricate matter calling 
for long practical experience and sound jddgment. Trading in 
.royalties is a recognised practice in some of the oil countries, 
and they there acquire a value mainly determined by fancies or 
expectations, often as a consequence of more or less obscure 
information surreptitiously obtained fhrough devious channels. "Ehe 
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highly speculative nature of royalties, and the constantly fluctuating 
value arising from variation in production or prospects of the 
well or property dealt in, or even neighbouring properties, presents 
a field for speculative transactions equalled by few gambles. 

The number of variables in calculating royalties gives endless 
scope for individual fancies. The value of a fixed percentage 
royalty in kind is dependent upon— 

((?) Price of oil. 

(//) Production of wells. 

(c) Grade of oil. 

((/) Dangers from fire, damage or intrusion of water. 

(e) Activity or skill of lessees, 

(/) Energy of neighbours. 

Fixed sums per unit of volume or weight naturally eliminate 
.some of the uncertainties of royaltie.s. 

The method of arriving at a valuation of royalties will be 
deduced from the above, and a cautious valuer will only admit 
of the use of average figures throughout, fortified or depressed 
for any other justifiable reason. 

How dangerous yet seductive royalty anticipations become 
when submitted b)- plausible but dishone.st brokers to the ignorant, 
although .supported by a mass of quite correct data, the author 
has had opportunities to learn. On one occasion a large number 
of royajties in kind on important producing wells were offered 
at what appeared a most tempting price. An invc.stigation, how¬ 
ever, disclosed the fact that the royalties were on new wells giving 
a large initial or flush production, which would inevitably show 
a rapid fall in the near future. A further calculation showed that 
the production, although correct at the moment, would, if continued 
at the same rate for a year, exceed the entire annual output o 
the counfry in which the wells were located. 

Oil-Field Waste and its Prevention.— In no commercia 
operations has there probably been greater unjustifiable waste o 
the resources of Nature than in oil-field development, some idea o 
which will be gleaned from occasional references in preceding 
chapters. In other mining operations, wasteful methods o; 
processes do not entail permanent loss to mankyid, as pickec 
mines or discarded dumps may enable work to be repeated witl 
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advance of science or improvement in value of products. Initia 
operations in new oil-fields, where uncontrolled work was allowei 
to proceed without criticism, has led to hundreds of thousands o 
tons of petroleum being lost by fires, evaporation, or dissipatior 
amidst surface beds from which it can never be recovered. Millions 
of barrels of oil have been deliberately burnt as the most economical 
way of disposal, and many millions of tons of oil could have been 
saved by simple and obvious remedies, at the time considered 
unworthy of serious attention. 

For many years the residuals of Russian oil, which later became 
the main support of the industry, were a costly burden and 
absolute annoyance to Baku refiners, who burnt them in open pits. 
At a later stage it was the benzine and intermediate oils which 
were dregs in the industry, and these were burnt as fuel for the 
operations. As late as 1905 benzine, which is now the most 
sought-for product of petroleum, was burnt as fuel in most oil-fields, 
and its suddenly acquired value upon the advent of the motor, car 
transferred prosperity to many struggling concerns producing 
light oils. 

The reduction in the yield of well.s, the increased working costs, 
and the enhanced value of petroleum have stimulated economies, 
although there is still a wicked waste of products which will one 
day command much higher prices. 

The chief directions in which economies are being made are :— 
(a) Fuel consumption and economies in production. 

{b) Prevention and restriction of fires. 

{c) Control of flowing wells. 

{d) Preservation of the lighter products by reducing 
evaporation losses. 

{e) Scientific distribution of wells to utilise to the full the 
natural gas pressures. * 

Fuel consumption is enormous as a rule in the richer oil-fields, 
and a mere percentage scarcely conveys any idea of the extent, 
owing to the great variation in the yield 0/ wells. The loss is 
tnuch greater than is apparent, as the fuel on the oil-fields is 
usually crude oil, and the most desired and highest priced products 
are therefore, consumed, instead of confining fuel to the least 
valuable constituents of the oil. Economies are being made by the 
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extended employment of internal combustion engines, both gas and 
oil, and improved methods of extracting oil. 

The wasteful methods on oil-fields were vividly illustrated in the 
Baku oil-field, where a contractor, only a few years ago, paid the 
authorities a substantial sum to recover the oil from the drainage 
of the oil-field. This contractor recovered 15,000 tons (112,500 
barrels) of oil annually by simply passing the drainage of the 
oil-field through water traps. From a dam on the Kern River, 
California, as much as 250,000 barrels of oil have been collected in 
eight years. 

Great advances have been made in preventing and restrict¬ 
ing the spread of fires, which have often consumed many 
thousands of tons of oil within an incredibly short time. Improve¬ 
ments include more strict legislation about lights, fittings, and 
smoking, also the increasing u.se of iron derricks or wooden derricks 
protected by non-inflammable material. 

Flowing wells are now better controlled, either by restricting 
the flow of oil, or diverting it in a way to ensure safety from fire, 
and diminution of losses. In some of the important oil-fields, 
indications of a possible flow are sufficient prete.xt for prohibiting 
further drilling operations until approved provision for the collection 
and disposal of the oil is made. 

About the years 1890-1900 it was no uncommon occurrence 
for.w^ls yielding 10,000-15,000 tons (75,000-112,500 barrels) 
daily to burn for days or weeks, and the author has himself seen 
three great eruptive wells burning contemporaneously in the Baku 
fields. Enormous losses have been sustained by Roumanian pro¬ 
ducers before stringent regulations were imposed on operators ; and 
in Mexico the loss of oil from the famous Dos Bocas well was 
estimated at i ,000,000 tons (7,000,000 barrels). 

Lighfer products of the oil are saved by quick transfer of the 
crude oil to tanks or storage provided with protection from the sun's 
rays. Brief exposure to the atmosphere, especially if there is a wind, 
causes alarming losses of light density oils through evaporation. 
Large surfaces are avoided as much as possible when limited 
exposure cannot be prevented, to effect settlement of sand or water. 

Oil is often pumped direct into storage tanks without exposure 
to the atmosphere, the tanks being provided with hermetically 
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sealed roofs, and the oil being led through a pipe to the edge of the 
tank to avoid agitation and facilitate absorption of lighter products 
in the bulk. 

In the early period of developing new oil-fields, lo.sses by 
evaporation and soakage are often enormous. Storage is usually 
hastily prepared by damming depressions or excavating large 
earthen tanks, into which the oil is conducted and allowed to stand. 
In sandy soil the percolation is very great, and in all cases the 
evaporation is considerable. Unskilfully designed dams often 
break with the first heavy rains. The Gulf of Paria, Trinidad, has 
twice been covered for miles with oil which had escaped to the sea 
as a result of collapsed dams, and the Caspian Sea has many times 
been covered for miles by uncontrolled flows from the Bibi-Eibat 
oil-field. 

Superstition often prevents provision for flowing wells before¬ 
hand, but rarel}' are eruptions so sudden or fierce that sonif 
controlling device cannot be quickly arranged. Anxiety to see oil 
above ground, even though unmarketable, is responsible for heavy 
losses, as obviously the best and safest reservoir of all is the earth, 
and it is preferable to leave it where it can sustain no loss until 
provision has been made for disposal. 

If the waste of oil has been great, the waste of r.atural gas 
has been far greater. Oil from flowing wells is practically always 
accompanied by much gas, and it was formerly iilk;wed to e.spape 
into the atmosphere. Even to-day comparatively little use is 
made of the natural gas accompanying oil, owing to the absence 
of facilities for transporting it to points of consumption. Under 
normal bailing conditions 30,000,000 cub. ft. of gas would be 
a low estimate of the quantity daily wasted in the Baku oil-fields, 
but a single eruptive well would yield nearly this amount. This 
quantity of gas still goes to wa.ste, although the fuel consumption 
is often 20-30 per cent, of the production of crude oil. 

In fields like that of Moreni, Roumania, the volume of gas 
escaping into the atmosphere vvould certainly yield all the 
power needed in that field if collected and directed to use, and 
the same could be said of other fields. The most serious waste 
has, however, taken place in .some of the American fields where, 
in the search for oil, gas sands have been struck, and yields of 
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from 10,000,000-20,000,000 cub. ft. of gas daily allowed to 
escape. More natural gas is wasted in some of the American 
fields than would supply the whole of London, and even when 
directed to use it was the extravagant practice to leave flares 
burning night and clay in the streets of towns within gas zones. 
In the early part of 1909 it was estimated that 70,000,000 cub. ft. of 
gas, equal in heating value to 1,500 tons of crude oil, were daily 
wasted in the Caddo oil-field of Louisiana, and wells in Ohio 
and Kansas were allowed to discharge into the atmosphere 
25 ,CXX),CXX) cub. ft. of gas daily, equal in heating value to 550 tons 
of crude oil. 

Much dissatisfaction was felt in America at the enormous 
waste of such an ideal fuel as natural gas, and in 1913 the Bureau 
of Mines of Washington was constrained to investigate the 
matter in Oklahoma, where, in the newl)- developed oil-ficld of 
Cushing, gas wells of 20,0(X),cxx)-40,cxx),ooo cub. ft. daily capacity 
were intentionally allowed to flow to waste before drilling into 
the deeper oil-yielding sands In April and May 1913 it was 
said that five wells were daily discharging Jiot less than 126,CXX),000 
cub. ft. of gas into the atino.sphere, and one well alone yielded 
1 ,500,000, OCX) cub. ft. of gas before being shut “in. Such stupendous 
figures cannot be reali.sed until converted into oil or coal equivalents. 
From the latter mentioned well alone the heat value of the gas 
would be equal to about 34,000 tons (255,000 barrels) of oil or 
50,exx) tons of good coal. No wonder the Washington Government 
is concerned at the wanton waste of fuel, the main support of every 
industrial country, and ignorance alone will explain the attitude 
of landowners or lessors who quietly submit to their lands being 
depleted of products which one day will be appreciated at their 
proper value. 

Investigations have shown all this waste of gas to be quite 
unnecessary, and that the strongest gas sources can be shut off 
and passed, and their/low controlled by suitable measures. These 
are explained on p. ^92. 

The suggestion has been made of storing surplus gas from 
oil or gas fields by its readmission to exhausted oil or gas sands 
on other areas through old wells. This procedure should be 
quite feasible if suitable meaAres are taken to seal wells piercing 
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these abandoned horizons, and enormous natural reservoirs would 
then be utilised in the same way that flood water is now returned 
to the chalk in the London basin to counteract the continually 
falling level of water. In 1915 surplus gas was in this way returned 
to the earth in the midway-sunset oil-field of California by one of 
the leading companies. 

In reviewing the subject of oil-field waste Arnold and Garfias 
express the opinion that not more than 40-50 per cent, of 
recovered oil reaches the market. They estimate that in California 
from 50-60 per cent, of the petroleum contents of the sands is 
extracted, and that evaporation and seepage los.scs amount to 10-15 
per cent., and that fuel consumption amounts to 8-10 per cent. 
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GEOLOGICAL STRUCTURE AND LITHOLOGICAL 
CHARACTER OF OIL-FIELDS, AND FACTORS 
GOVERNING THE DISTRIBUTION OF PETRO¬ 
LEUM. 

Factors Governing the Formation, Accumulation, and Preservation of 
l^etroleum—Character of Oil-Bearing Strata—Migration of Petroleum— 
Causes of Pressure- Subterranean Movements of Petroleum Occasioned by 
Development—Area Influenced by Producing Wells and their Spacing— 
Yield and Life of Oil Wells—I’roduciion and Life of Oil-Fields—Typical 
Well Logs. 

Factors Governing the Formation, Accumulation, and Pre¬ 
servation of Petroleum. —Commercial supplies of petroleum 
are restricted exclusively to strata of .sedimentary origin, thus 
differing essentially from metallic mineral-s, which are mainly 
derived from igneus intrusions, except where occurring as 
secondary deposits. Not only is petroleum confined to sedi¬ 
mentary strata, but it is beds of a comparatively recent geological 
age, the Tertiaries, which yield the bulk of the oil of the world 
to-day. With the possible exceptions of coal and iron, oil-fields 
are rarely coincident with mining areas. 

U ie quite certain that natural petroleum, whilst sometimes 
having an obviously adventitious origin, was more often formed in 
the series of beds in which it is now found when they were 
horizontally disposed ; but as petroleum and gas are fluids, and 
obey the laws of fluids, their present distribution has been 
influenced by terrestrial disturbances which have from time to 
time thri^st the containing strata into irregular contortions. 
Continuous or successive earth movements, especially in the 
neighbourhood of momtain ranges, have not only given the beds 
an inclination in cewain directions, but have caused the strata to 
assume wave-like forms in adjusting themselves to crushing forces. 

The ordinary anticlinal and .synclinal structure is a normal 
consequence of such forces, and the axes of anticlines usually run 
approximately parallel with mountain ranges, The oil-fields of 
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South Russia lie parallel with the Caucasian Mountains, those of 
Roumania and Galicia follow the curve of the Carpathians, and 
the Burma fields run parallel with the Yomas. The Peruvian oil¬ 
fields flank the Andes, the Pennsylvanian fringe the Appalachian 
Mountains, the Californian the Rockies, and the Italian the 
Apennines. 

Rarely is this simple structure unaffected by secondary 
movements in other directions, or by numeroii.s faults which not 
only complicate the structure, but have an important bearing upon 
the distribution of the fluids the beds contain. The distribution 
of water, the only other fluid which circulates freely in the earth, is 
well understood, but the movement of petroleum, being a viscous 
liquid, always accompanied by gaseous products, and often com¬ 
mingled with water, introduces much more complicated problems 
into its study. Quite apart, however, from the effect of structure 
on the segregation of petroleum, it is these crushing forces ati^ 
consequent denudation which have brought the productive beds 
sufficiently near to the surface to disclose to the geologist their 
presence, and to enable them to be reached by appliances at the 
disposal of man. The inclination imparted to thousands of feet 
of sedimentary strata by thrusting forces has alone enabled 
measurements of the thickness of beds to be made, deptlis of strata 
to be learned, the relative age of the strata to be ascertained, and 
key horizons to be noted for identification during drilling ip less 
disturbed localities. 

The greatest service rendeed by Nature, beyond actually 
disclosing the e.xistence of oil beds, is the concentration of 
petroleum in certain spots, or “ pools ” as they are often termed, 
where operations can be centred. Where a series of strata 
containing petroleum have been folded, or inclined, creating 
certain structures where the escape of oil or gas was entirely or 
partially arrested, concentration has frequently occurred, and it is 
in such localities that many of the great oil-^elds of the world are 
located. Where there are defined anticlines and synclines, it is 
along the crest and the near flanks that oil and gas have generally 
concentrated under great pressure, and it is in the synclines that 
the greatest quantity of water, or pe5;haps only water, is found; 
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The forces which have operated in producing the separation 
and concentration of oil are imperfectly understood, although it is 
usual to attribute to gravity the chief cause. In .some districts 
elevations in the .stratum of from lo-ioo ft. coincide with 
accumulations of gas or oil, or both, in the higher points. The 
Appalachian fields present classical c.xamples of this action, 
and the anticlinal theory of oil concentration has been .so well 
developed and applied there that numerous oil pools have been 
opened up as a result of geological evidence and careful levelling. 
On .some folds gas under high pressure alone fills the crest, whilst 
the flanks yield oil, indicating a separation of gas from the oil 
as well as oil from the water, but such is not always the case. 

In all .sedimentary strata there mu.st occur the water of 
sedimentation, which, in the ca.se of great thicknesses of sands, 
is considerable. Until elevated above .sea level or thrown out 
of a horizontal position the fluid contents will continue to 
occupy their original ground, but when an inclination is imparted 
to the beds there would be a tendency for the water to sink if 
it could thereb}' displace any lighter fluid, causing such latter 
to concentrate at the elevated points. Witheut water no concen¬ 
tration could be effected, as under .such circumstances any liquid 
would naturally collect in the depressed or synclinal parts, and 
gas only would tend to occupy the higher spots or anticlinal 
crests.- <n fact, in the absence of water, it would be the syncline 
in which one would drill for oil, and in reality there are areas 
within the Appalachian oil-fields, where the anticlinal theory is 
especially applicable, which exhibit this synclinal oil. 

Some importance must be attached to the retention of water 
of sedimentation in the great geo-synclines with which the 
oil-fields aje so often associated. The Appalachian field is a 
typical example of this, and in consequence the strata have 
been but slightly subjected to the action of atmospheric or other 
circulating waters, and although possibly slow and occupying 
vast periods of time, the concentration has been carried on with 
little change of the character of the oil as well as slight loss. 

The occurrence of rich supplies of petroleum near the crests 
of folds with flanks dipping but a few degrees from horizontal, 
7 
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suggests other causes than gravity for its migration and con¬ 
centration, and it is possible that gas, capillarity, and the peculiar 
affinity of clay for oil, and other forces discussed on pp. 122-23, 
may play contributory parts. Emulsions have been suggested 
as a means of facilitating interchange, and it is u.seless to 
disguise the fact that little is yet known about these peculiar 
mixtures of water and oil which present .such difficulty to 
separate when they are found in oil-fields. 

It is certain that the density and viscosity of disseminated oil 
influence largely the degree and extent of concentration. Heavy 
oils of a density clo.sely corresponding to that of water, and 
having a viscosity which will barely allow them to flow at normal 
temperatures, cannot obey laws which would apply to oils i 5-20 
per cent, lighter than water, and little if at all more vi.scous than 
water. Thus in practice heavy asphaltic oils occur in somewhat 
different surroundings to light oils. 

Extended experience is convincing the author that implicit 
reliance on the anticlinal theory is leading to errors by 
inexperienced and text-book prospectors. Concentration can be 
effected without anticlinal .structure, and operators in many oil¬ 
fields have flung discretion to the winds, challenged professional 
advice when tendered, and cast their prospect wells far away 
from the crests of anticlines, .sometimes v, ith remarkable success. 
In Russia, Roumania, California, and Peru, prolific ■ fields 
are being worked on slightly inclined monoclines that could 
scarcely be termed the extended flanks of anticlines, where con¬ 
sistency of results over wide areas cau.ses theorists to hesitate 
in advancing hypothetical reasons for local saturation. Inclina¬ 
tions are often so slight that migration will not account for con¬ 
centration of oil, yet the anticlinal theory is clung;^ to with a 
pertinacity that is often surprising. 

The Maikop field of Russia (Fig. 39) ^as subjected to severe 
criticism because its structure did not confirm with conventional 
ideas, yet, from a single pool, situated on a monocline, had been 
extracted up to January 1915 the large amount of 11,000 tons 
(82,500 barrels) of petroleum per acre from a sand averaging 
only 3 5 ft.* in thickness. One of» the early welLs gave at least 
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50,000 tons (375,000 barrels) of oil within a few months, and 
in 1915 a well on the northern extension of the pool gave 
70,000 tons (525,000 barrels) within five months. 

Accumulating data tend to confirm the belief that exploita¬ 
tion often creates an area of high saturation of oil by inducing 
a flow of gas and fluids to points of reduced pressure. As the 
great wells are nearly always sunk at the points where the beds 
are most easily reached, that is near the crest of anticlines, this 
area automatically acquires a position of prominence that no 
other attains to. Subsequent drilling on the near flanks is 
attended by less success, and it is at once assumed that they 
were always less prolific. Had initial wells been .sunk at points 
on the flanks, these latter areas would probably have been con¬ 
verted into the points of maximum .saturation. The details 
given in pp. 134-37 better explain the movements alluded to 
and their causes. 

Attention has been rightly called by Leonard Dalton ' to a 
feature which may in some case.^ have determined definite lines 
of oil pools quite independently of structure. In di.scussing 
the po.ssible origin of oil, it is sugge.sted that .currents may have 
led to the deposition of oil-forming material along definite belts, 
thus confining oil-producing and oil-concentration conditions to 
regions of restricted lateral dimensions. Such results would 
not be jnaonsistent with the disclosed facts, as currents would 
often approximately follow the direction of tectonic folds, and 
produce the parallelism to mountain ranges such as is observed. 

Subsequently Rowell H. Johnson has shown how these 
conditions apply to the Mid-Continental field of North America, 
and he has called attention to the analogy of such elongated 
“ sand bodies ” with the formation of barrier beaches and off¬ 
shore bars along the Atlantic coast of the United States at 
the present day.'^ . 

The main sand of tire Shirvan.sky pool of Maikop is elongated 
in the direction of dip, and appears to represent the deposit of 
a river that flowed southwards in late Eocene times. 

' Economic Geology, Vol. IV., No. 7, 1909. 

* Economic Geology, Vol. VI., No. 8, 1911, 
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Petroleum was doubtless, in most cases, formed before the 
beds were disturbed from a horizontal position, and in the case of 
the lighter oils, where it was sparsely distributed over a wide area. 
Finely divided oil particles distributed over an area of many 
miles would, if concentrated into a narrow strip of two or three 
square miles, constitute important supplie.s. A single bed lOO ft. 
thick, containing only i per cent, of oil by volume, would hold in 
the aggregate about 5,000,000 barrels (.say 670,000 tons) of oil 
per square mile, enough to saturate 3,200 acre-fl. of sand of 
20 per cent, capacity. 

Elevation may have been constant or intermittent. In the 
Bibi-Eibat oil-field of Baku there is evidence of three well-marked 
unconformities in the Pliocene escarpments that half encircle that 
field, and in the Peruvian oil-fields three table lands of successive 
elevation bear witness to movements subsequent to the deposition 
of the oil beds which they invariably overlie. 

A predominance of impervious beds is an essentia! feature of 
the strata in all rich oil-fields. Their duty has not been confined ' 
to the retention of oil within the series during earth movements, 
but they have often been closely associated with the formation of 
the oil. Thick beds of clay or shale are the usual coverings to 
oil beds, and although the latter are sometimes very sandy, they are 
nevertheless fairly impermeable in character. Quite distinct from 
their impervious quality, clays and unconsolidated shedes sustain 
less fracture when thrust into folds and intricate forms by earth 
pressures ; in fact, sharp overfolds may be seen in which distorted 
lenticular bodies of oil sand are encased in an almost undisrupted 
matrix of clay. 

Arenaceous strata saturated with water might, under certain 
circumstances, form impervious coverings to becls where the 
necessary material for the formation of petroleum existed, but any 
earth movements would cause the fracture of sandstones, anc} 
sufficiently disturb some sands to permit the escape and dissipation 
of contained oil. The impervious quality of clay is in reality due 
to the presence of occluded water between the particles, in the 
same way that air is the non-conducting medium in heat-insulating 
materials. Clay is a hydrated sHicate of alumina that loses its 
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impermeability when dried. Its plastic nature may be increased 
by colloidal matter. 

Oil-measures, as they have been appropriately termed, often 
attain a considerable thickness, in which clays, shales, .sands, and 
sandstones alternate. Sometimes many hundreds of feet of barren 
clays or varied strata separate productive beds, but in other cases 
nearly every porous .stratum within certain vertical limits yields oil. 
In some fields practically all the beds for thousands of feet are 
more or less petroliferous, but in other regions dry beds with 
no trace of oil are passed between successive productive .seams. 
Some intermediate sands are saturated with water, and its ex¬ 
clusion is often a tedious and costly operation necessary for the 
protection of the oil sands amidst which they occur. The.se waters 
are discussed elsewhere. In certain oil districts structural features 
play a quite subordinate role to lithological character. This is 
especially noticeable in Kansas-Oklahoma, where almost horizontal 
beds continue over vast areas, and oil is exclusively confined to 
one or several sandy horizons traceable over long distances. 

Remunerative yields of oil have been obtained through a 
vertical thickness of about 3,000 ft. on the. Baku oil-fields of 
Russia. In the Yenangyaung oil-field of Burma, about 2,500 ft. 
of strata have yielded commercial supplies of oil. 

The Carboniferous and Devonian oil-fields of America are 
characteri^d by commercial supplies of oil and gas being confined 
to lenticles or streaks in a few persistent strata, without which 
little or nothing is found, the oil-forming conditions only occurring 
during small periods of geological time at varying and long 
separated intervaks. 

Tertiary oil-measures often disclo.se a considerable vertical 
range, but an horizon of maximum productivity is observable 
in most oil-fields. Down to a certain depth .sands increase in 
productivity, then follows an area of maximum saturation, after 
which production deci 4 ases or ceases, and water is found in 
increasing quantities. Many great oil-fields have exhibited 
the above phases, but in some cases two or more oil-bearing 
series of strata have been discovered separated by a thousand 
feet or more of barren beds. 
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Productive zones may reach a vertical thickness of 2,000 ft, 
but where the strata are inclined the depth of productive strata 
pierced by drilling would naturally far exceed the above amount. 

The author, in 1901, experienced the disappointment of 
passing from the oil-saturated zones to the water horizons 
underlying parts of the Baku oil-fields. Within defined limits 
wells drilled to a certain depth gave practicall)’ no water, and 
nearly exhausted oil sands could be relied upon to give yields 
of from 5-10 tons (37-75 barrels) daily, with a head of a 
few feet only. At a certain known point rich oil and water 
sands were indi.scriminately mixed, and high levels of either liquid 
were immediately recorded. Extraction of fluid, however, in¬ 
variably drew in water at the expen.se of the oil, and the level 
could not be considerably diminished by heavy bailing or pumping. 
A succession of widely-spread wells confirmed the existence of 
ba.sal water, which definitely .sealed the vertical limits of explora¬ 
tion, although oil .sands did c.xist amidst the water strata, and 
richly impregnated oil sands were often raised in drilling, through 
a high column of water that could not be isolated. 

In many oil-fields unconformities fix the limits of drilling 
instead of reduction of yield, and in Roumania the occurrence of 
a few known fossils often .saves the drillers a great deal of waste 
work in barren strata by indicating the penetration of another 
geological series. • • 

There are reasons for believing that it is more than a mere 
coincidence that so many of the great oil-fields of the world are 
associated with Tertiary strata of distinctly deltaic character. 
Strata of greater age are as frequently exposed along the flanks 
of the .same mountain ranges as the Tertiary oil beds, and their 
tectonic and lithological character is not always incpiisistent with 
the accumulation and storage of petroleum. So closely does the 
petroleum geologist associate oil with i the Tertiary bad-lands 
variety of landscape, that interest is alrrvbst in.stinctively aroused 
when thrown amidst such surroundings. The unconsolidated, 
yielding, and readily disintegrated clay-shales are the cause of the 
terrible mud which characterises many Tertiary oil-fields in the 
wet seasons, and are the direct oause of the frequent landslides 
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which introduce so many mechanical difficulties, and impose sucl 
heavy expense in the hilly districts. 

The limited area of oil-fields as compared with, say, coal 
fields, points to a much greater restriction of the condition: 
favourable to the formation and accumulation of oil than coal 
That oil-forming conditions disappear within short distances i; 
illustrated by the fact that areas equally favourable from i 
geological point of view for the accumulation and preservation o 
oil are found barren, or almost so, a short distance along ar 
anticline highly productive of oil. A .second parallel anticline 
differing little in general features, is often unproductive, and woult 
have been e.xpected to have j’ielded oil had there been a per 
si.stence of oil-forming condition.s. 

Lateral variation, which is so common a feature in Tertian 
oil-field strata, is typical of the deltaic conditions under whicl 
petroleum is found. E.xposures in most of the oil-fields giv 
abundant evidence of the lenticularity of .sands on a scale onb 
commensurate with currents diat would be unlikely under dee] 
water conditions. On the larger scale a series of beds may b 
traced, graduall)' losing or acquiring an arenaceous character ii 
certain directions, and consequently diminishing or improviiij 
opportunities are afforded for the accumulation of oil provider 
the condition.s of formation are not varied. 

Cbanacter of Oil-Bearing Strata. —Although sands and .sand 
stones are the chief oil reservoirs in oil-fields, the interveninj 
shales or clays are often impregnated with oil, and may haw 
often been the media in which the oil was produced. When 
much crushed into sharp folds, outcropping clays are some 
times .seen to have innumerable slip or cleavage planes alonj 
which films of oil occur. Seams of sand, a mere fraction of ai 
inch in thickness, and lenticular in shape, are often the receptacle 
for oil, and every fai^t plane with only a few inches of dis 
placement is full of /oil. Di.stributed in the clays will oftei 
be observed tiny lenticles of dry sand which have somehov 
escaped saturation like other satidy parts, thus disclosing som( 
selective properties of the oil or water contents. 

Some clays and shales wjthin an oil zone have •innumerabl 
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ome physical change during its movements, or in its present 
nvironment Great viscosity has been imparted, probably as. the 
ssult of absorption of the lighter products, causing the remaining 
ilms to draw out into innumerable almost microscopically fine, 
air-like fibres, when a parting plane is cautiously separated. A 
ery beautiful and striking effect is produced if a suitable light is 
ast on these minute hairs that often retain their continuity 
inbroken for several inches. 

Even amidst dark stained sands more or less impregnated 
rith oil there are often distinct layers of .sand devoid of oil, 
instained and quite dry, having in some way escaped contamina- 
ion. Masses of sand discharged from flowing wells, or raised 
n sand pumps during drilling, reveal this same peculiarity of 
rregular discoloration. 

However petroliferous in character deposits of clay or sandy 
lay appear, they very rarely yield commercial supplies of oil, 
iwing to the high resistance to any movements of liquids 
irithin their pores. Fault and slip planes in such strata may 
)ecome the media for collections and movements of oil, but 
vith this exception they are never a source of important supply, 
iven thin beds of sand rarely produce large amounts of oil 
inless fed by thicker deposits near by. It is the thick beds 
vhich, before dislocation, extended for long distances, vi[ithout 
>reak, that are the chief oil containers, although they have often. 
It a later date after impregnation, been isolated into sections 
jy faulting. 

The only other important source of petroleum is limestone, 
Tom which the oils of some of the Appalachian, Texan, 
Canadian, Mexican, Egyptian, and l^ersian oil-fields are obtained, 
sands, sandstones, grits, and gravels yield the great supplies of 
jil produced by Russia, Roumania, Galicia, Burma, Borneo, Peru, 
Italy, and Trinidad, The oils of California, parts of Texas, 
Illinois, many of the Appalachian fields, and Kansas-Oklahoma 
ire also derived from arenaceous strata, , ^ 

Arenaceous Oil-Bearing Strata. —Sands, gravels, and 
seing generally shallow-water sedinjentary deposits, are 
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more crraticaHy deposited than clays, marls, and limestones, of 
sedimentary origin, which are essentially deejjer water depositions, 
and less subject to currents of variable intensity, duration, and 
direction. The fact that oil is mainly derived from arenaceous 
beds would, therefore, afford a partial explanation for the some¬ 
what erratic distribution of petroleum, but the prevalence of 
deltaic conditions in many oil-fields imparts further irregularities 
that mystify the operator and perplex the geologist. 

A cursory study of deltaic conditions affords explanations 
for many apparent inconsistencies in oil-field prospecting, and 
should cau.se geologists to make their prophecies with reservation 
where such geological conditions pertain. Fal.se bedding often 
a.sserts itself in a way that demands a vivid imagination to explain 
its occurrence. Thick banks of sand of irregular but usually 
lenticular shape are flanked or surrounded by finer sediment, 
shell beds, argillaceous deposits, or even vegetable matter. 
Lignitic bands of a more or le.ss argillaceous nature may cover 
a wide area, or they may fi'l depressions, or fringe old river 
banks. An examination of any large delta will provide data 
enough to e.xplain many of the disappointments, quite apart 
from structural features, which often introduce additional 
uncertainties. 

Oil sands frequently vary considerably in quality, composition, 
and tiii*kness in the same field, and different fields divulge an 
immense variety of sands. Some sands are so fine as to be 
almost indi.stinguishable from clay, and when moulded in the 
fingers in a damp state impart the .soapy sensation associated 
with clay. These sands often alternate with clays, and graduate 
by imperceptible changes into a true clay; others form a 
succession of thin laminse where each alternation is vi.sible. 

Extremely fine sands are sometimes productive of oil, but in 
many fields yield either gas alone, or gas with such a small 
quantity of oil that .they cannot be commercially developed. In 
the Baku oil-fields of Russia the finest sands yielded as a rule 
only gas, and were passed in drilling as unproductive, but per¬ 
sistent bailing in these sands often led to the entry of coarser 
oil sands, probably lateral extensions of these finer sediments. 
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The Surakhany gas sands were mere dust in which had accumu¬ 
lated gas and a little light filtered oil, which was ejected as 
spray with the fiercely expelled gas. 

Many .supplies of oil are derived from medium to coarse 
consolidated and unconsolidated sands, having a porosity or void 
capacity of from 20-30 per cent, by volume. Sands of such 
consistency, if fairly continuous, both absorb and readily yield their 
oil contents, and unless converted into rock or compacted in some 
Way, break down freely under the influence of gas and are 
raised with the oil. The sand raised with the oil from individual 
wells varies often in quality, proving that the source of supply is 
not confined to one grade of sand, but extends to sections where 
its character is different from that where first struck. The Russian 
and Roumanian fields of Europe, especially the former, are 
renowned for the immense quantities of .sand raised with the oil, 
an amount which has necessitated the employment of a system o( 
extraction nowhere else found necessary. 

The exact porosity of sands is difficult to determine, and 
precise data might have little practical importance in view of 
the variable dimensions and differing proporti(jn of the grains 
within short distances. Perfect spheres of equal diameter will 
give maximum and minimum void capacities of 47.64 and 
25.95 per cent, according to the grouping of the particles. Some 
sandstones have a capacity as high as 38 per cent. Voli'jnetric 
capacities of 30-35 per cent, are common in sands' from 
which water supplies are obtained. Useful experiments have been 
made by Charles Moore on the porosity of rocks, which quite 
confirm the observations of others, although his method of 
Estimation by drying in a vacuum may have differed.’ Porosities 
of from 24-30 per cent, by volume were observed^ in many 
sandstones of British origin. 

Most oil sands are composed of a mixture of small and 
large grains of irregular shape that must detract from volumetric 

. ■' Nineteenth Annual Report, United States Geological Survey, Part II. 

' • “ Motion of Underground Water,” C. F. Slichter, United States Geological 

Sarvey. 

-■ * “The Stu^y of the Volume Composition of Rocks,” Charles Moore, 
Prvcttiiings Li-verpool Gtological Society, 
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approaching thoae tttac^^ iy regular ; Somfl^. 

^PplSoaents were undertake at' (nstigation of 
' "to determine the relative proportions of grains that woii]Ui‘pass - 
various sized screens up to 200 mesho per inch, bejvsid ^icb 
the screens are unreliable. Much difficulty was experieht^-rn 
cleansing the particles of oil to effect their absolute sepatatihn. 
The results suggest a direction for useful study, and partkuludy 
disclosed the wide variation in average size of particles ^.within 
the same field. Appended are the results of a few Russian oil 
sands. 


Re.sults of Screeninc. Russian Oil Sands. 



^•rtivided oil sands can be cleansed of the la.st traces of 
without raising to high temperatures, there is little doubt du|tC. 
the elutriation process described and applied to metallurgy by ■ 
H. Staddler^ would prove useful for the separation of sand 
grains. By carefully adjusting the velocity of flow of water, 
fine grains of various grades can be isolated and collected 'in 
a way impossible by other methods. There is, however, tho;i 
objection that density influences separation, and there 
cases where the particles varied sufficiently in specific gtiv|lj[j 
to diminish the value of this process. 

The rich oil sands of medium grade have a very ct|doiH 
appearance when raised fresh from wells, and in Russia their > 

‘ “Grading Analysis by Elutriation,” H, Staddler, TVnju. Imt, MMng 
MtUtlhtrgy, 1913. * 
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close resemblance to fresh caviare has led to their denominatioi 
as " caviare ” sands when especially rich. The particles of saivi 
are so enclosed in a film of oil and loosened by occluded gas that 
they have the above described appearance, and for a time behave 
like a fluid rather than a sand. 

The normal oil sands often contain nodules varying in size 
from an inch or two in diameter to a foot or more across. The 
nodules are always well rounded, and generally spherical or oval 
but sometimes more fantastic forms are developed. The formation 
of nodules is not well understood, and their origin is of purely 
academic interest, but it is useful to record the fact as indicating 
the suitability of oil sands for their formation. Whilst some 
nodules are obviously concretionary in structure, others are not, as 
they reveal stratification when split, and when exposed to the 
atmosphere fracture along parallel planes. 

A nodule illustrated in Fig. 7, Plate IX., has a carbonaceous 
nucleus, and this kind is very common in the Baku oil-fields, 
where tons of them varying from 1-12 in. in diameter have been 
raised from single wells or ejected during the gushing period. 
These sandy nodules f^re always calcareous, the sand grains being 
cemented together by carbonate of lime. In sections of the oil¬ 
bearing series of strata in Roumania, Burma, Peru, and Califoniia, 
nodules may be seen standing out in bold relief, having resisted 
weathering longer than the sands in which they are embedded. 

The enormous quantities of sand which are extracted with the 
oil in the Baku oil-fields of Russia cause an accumulation of 
TK)dviles around the base of the well towards which the sand and 
oil flow prior to extraction, and when wells are deepened or 
cleaned, or where new wells sunk near old producers reach the same 
source, several tons of collected nodules have often been raised. 

Quantities of mechanically formed nodules have been collected 
from some wells, and they should not be confused with true 
nodules. Under the influence of large volumes of gas the sand 
in-: the^well is kept in constant agitation, and any particles of 
rock which become detached and mix with the sand have their 
.angular portions broken off, and they are gradually given a 
spherical shapd. 
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A curious kind of hollow concretionary nodule found in the 
Peruvian oil-field is illustrated in Fig. 8, Plate IX. 

Lateral variation is not restricted to change in grade of sand 
or thickness of strata, for another feature has been observed which 
has far-reaching influence on the distribution of oil in some fields. 
Within short distances, loose or slightly indurated sands saturated 
with oil change into hard calcareous sandstones, sometimes dry 
and at other times containing petroleum. The difference is due 
to the cementation of the sand particles by lime or silica, causing 
often an exceedingly hard rock, through which drilling is quite 
difficult. 

Below arc appended two analyses of calcareous sandstones 
taken from Baku oil wells :— 




- .. - -- * 


Per Cent. 

Pet Cent. 

Sand. 

53-49 

63.154 

Calcium carbonate .... 

41.81 

30.627 

Soluble silica ... 

0.20 

Iron, Fe.j 0 .i, etc. (phosphates) 

0.28 

2.542 

Calcium sulphate. 

0.19 

0.5^ 

Magnesium carbonate .... 

i.;8 

0.12 

1.510 

Sodium chloride. 

0.247 

Bitumen) sulphur and loss 

2.13 

Calcium phosphate .... 


0.306 

Sodium carbonate ? . - - . 


1-436 

• 

100.00 

100.412 


The cause for the change within short distances has given 
rise to speculations as to whether the original stratum was 
all cemented by carbonate of lime, and part subsequently 
removed by dissolution in patches, or whether lime carbonate was 
depositeti at a later date, or the bed contained sufficient carbonate 
of lime in parts to form a cement. Reference was made by the 
author to this peculiarity and its effect upon the production of 
wells in a paper to the Petroleum Congress at Bucharest in 
1907,' and since then several writers have referred to ^ this 
feature and recognised its importance. As far back as 1903 

> “Notes on the Irregular Distribution of Petroleum,”Third International" 
Petroleum Congress, Bucharest, 1(907. 



W. T. Griswold,' in his report upon the eastern Ohio oil-fields for 
the United States Geological Survey, stated : “In many instances, 
within a distance of 600 ft. from wells of large production from 
a good sand, other test wells have found the sand hard and closely 
cemented, and incapable of holding fluids of any description.” 

Baku operators were long ago aware of the presence of 
calcareous boulders more or less impregnated with oil, and 
'drillers often had their wells thrown out of vertical by the drilling 
Bits striking the edge of a hard mass. Wells sunk in areas where 
'-Certain sands showed great regularity, occasionally penetrated 


hard calcareous sandstones at the depth where loose sands were 
anticipated. When pierced these sandstones never gave a pheno¬ 
menal yield, but often produced steadily for many years with¬ 
out any of the difficulties and dangers that surrounded those wells 
sunk in loo.se sands near by. The raised oil was contaminated 
with little sand, and it apparently issued from fissures in the rock, 
as the sandstone appeared too compact to allow of the passage 
through its pores of quantities of between i 5 and 60 tons (11 o- 
450 barrels) daily. 

Pascoe“ attributes irregular distribution of petroleum in the Pegu 
series of Upper Burma largely to erratic impregnation of Jhe sands 
within an oil horizon with carbonate of lime. He as.serts that 
neither faults nor lenticularity will adequate!/ explain the differ¬ 
ence of strata in wells in close proximity. It has also beeh noted 
in Burma that the volume of oil in the sandstones bears a rough 
i^ationship to the percentage of lime in the sandstones; and 
^jninations of outcropping oil sands in the Yenangyat oil-fields 
firm this statement. A. W. Bleeck informed the author that 
the Pokokku district of Burma he followed an outcropping oil 
Smd for several miles, and found that oil seepages weje mainly 
tonfined to friable sands containing little lime. Where the beds 
were harder, and contained a high percentage of carbonate of lime, 
there were no seepages ; consequently, the oilBearing capacity of a 
horizon appeared largely influenced by the degree of cementation. 


“Contributions to Economic Geology, 1902," p. 37, United States Geo- 
iQgical Survey, Bulletin 213. 

• Memoirs of Geological Survey of India, i'ol. XL., Part I., 191J. 
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Dil-Searing Beds 

Peru presents many fine examples of the influence if. calcare¬ 
ous impregnation. The author traced, in a hillside section, an 
exposure where a thick, richly-saturated oil sand suddenly changed 
into an almost flint-like calcareous sandstone absolutely barren of 
oil. The erratic yields of wells penetrating the same source are 
largely accounted for by this variation in composition of the oil-* 
bearing stratum. 

With the exception of California and parts of Texas, American 
oils of an arenaceous origin are mainly confined to consolidated or 
cemented sands, many of which only yield up their oil contents 
when subjected to considerable concussion by blasting with high 
power explosives. Enclosed petroleum lies stored either in 
irregular or discontinuous lenticles throughout the main mass, Qv 
in slip and joint planes which, until adequately disturbed, do not “ ‘ 
allow the contained fluids to issue. Sometimes little or no mani¬ 
festations of oil are noted where the anticipated sand has been;^ 
penetrated by drilling : at other times only insignificant yields are 
obtained till a powerful torpedo is fired to fracture the stratum. 
Wells are rejuvenated by repeating the process of blasting at, 
intervals when the supply of oil decreases (see Chap. VII.). 

Other fairly calcareous sands, like the “ hundred foot ” of the 
lower Carboniferous of the Appalachian oil-fields—a strataia 
which hat been traced over thousands of .square miles—only yield 
oil in cerrain localities, but even within those areas of concentration 
oil is confined to certain soft patches or pay streaks of extremely j 
varying dimensions. The productive lenticles are often coarser 
sands, conglomeratic in nature, and far more porous than the 
surrounding sandstone, which is itself of medium coarse grain and 
porosity.' 

When oil sands do not disintegrate with the extraction of oil,jjt 
is natural to anticipate a much lower rate of yield than from sar^ 
which break down, and so permit the expulsion of their contents. 

Sands and sandstones displaying no calcareous cementation 
are often impregnated in an irregular manner which is difficult 
to explain. Sections of thick sands in the Guapo District of 

‘ “ Study on the Application of Anticlinal Theory of Oil and Gas Accumula¬ 
tion,” Malcolm Munn, Economic GcHogy. 
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Trinidad show dark coloured areas of dense impregnation, and 
light patches of almost unstained sand. The areas of saturation 
and discoloration bear no relationship to stratification, yet it 
is difficult to conceive of circumstances which would prevent 
the passage of oil throughout their mass were a well sunk in 
the vicinity of a rich patch containing oil. 

Plates X., XI., and XII. illustrate a number of representative 
oil sands from various oil-fields. Their compositions, though 
essentially silica, vary greatly, and their capacities likewise show 
wide differences. The figures prove 'that oil is confined to 
no one class of .sand, and quite disprove the common impression 
that certain kinds of sands are water sands, others gas-bearing, 
and again others oil-bearing. In an oil .series any sand may 
produce oil, but usually remunerative yields are restricted to 
sands at certain horizons which become known by experience. 
The productive sands in some regions possess characteristics 
which become associated with oil by local drillers, and they 
often, without adequate ju.stification, apply a distinction which 
leads to grave subsequent mistakes. 

Within definite areas sands of a certain grade of grain 
anti of more or less continuity may be water-bearing or barren, 
btft deeper or extended drilling may di.sc'ose .sands of the pre¬ 
sumed water grade type productive oi oil. Until a fie d is very 
well understood it is presumptive to attach to any kind of 
sand any indication of its contents. Some pure siliceous sands 
which carry light oils are washed white and clean by admixture 
with water, such as is always used during drilling, and any 
temptation to disregard their presence and make no test for 
oil should be resisted. 

Some sands tenaciously retain their discoloration, and disclose 
their rich character. This especially applies to heavy asphaltic 
oil-bearing sands, which do not lose their black tint even when 
washed up in a rotary plant from a depth of 2,000 ft. or 
more. Even light oils often cling so pertinaciously to the 
particles of sand that fragments clinging to the drilling tools 
can be raised through a deep column of water without losing 
their browfl discoloration and oil)* aspect 
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whi<*,|ys m-^ratorsfjto ioc^'f^-ifciPW®"; ■ 

erfOiteSis impressrfoif arises fram the l»cic''''^-bf -^pt«eijiil.qri'of 
the porosity of arenaceous and calcareousHropka. In l^tne 
cases, to which reference is made on p. 126,^?iimited su^]]^ 
of petroleum have accumulated in favourable localities, bdt the 
sole normal reservoirs for oil are porous strata. The immense 
volume of water withdrawn from certain sands, or expelled under 
hydrostatic pressure in artesian basins, should alone dispel doubts 
concerning the capacity of porous strata. 

Several factors may have contributed to a porosity of oil 
sands beyond that based on their maximum capacity estimated 
from normal voids. If oil has been formed from organic mat(srial 
deposited with the sands, and this material has wholly or 
partially been decomposed or converted into oil, an additional 
space has been provided equivalent to the reduction in volume of 
the original material, neglecting reservations for diminished ,,bulk 
by overhead pressure. That .such has happened in some cases 
seems highly probable, especially where heavy asphaltic oils are 
found, whose viscosity discredits the view of long distance travel. 

Sands, it may fairly be assumed, were mostly deposited in water, 
and in this way they pack naturally, presenting the most compact 
mass, anc| consequently containing the least voids possible and 
minimumicapacity. If the sands in any way become disturbed 
by crushing pressure, the voids in the sands increase and the 
capacity for fluids increases. It is, therefore, possible that 
the severe crushing forces to which many oil-bearing series have 
been subjected during earth movements may have imparted to 
the sands capacities much beyond their original ones. 

This little known property of sand, to which no reference has 
hitherto been made in petroleum literature, so far as the author is 
tware, may be seen every day on a seashore. When walking along 
a'^ndy beach near the sea, each footstep causes a dry patch to form ' 
M '^e’s weight is thrown on the sand. This is due to the Qom-, 
pression and disturbance of sand saturated with water, the pressure 
upsetting natural packing and increasing the voids in the sand, i 
'he^ce its capacity, instead of dfcreasing its holding power. 


c-p-,' 
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On the other hand, sandstones in proximity to a fault display 
diminished void cap ':ity. Charles Moore has shown this effect 
of compression on rock capacity in a number of cases. Referring 
to a Keuper sandstone, whose normal pon sity was 22.5 per cent., 
he shows that the porosity gradually and uniformly fell as a 
fault was approached, to as low as 16.5c within 3 in.; on the 
other side of the fault le Bunter showed a porosity of 14.80 
percent, at 3 in., 15.50 per cent, at 12 in., 22.50 per cent, at 2 ft., 
and its normal of 25.50 per cent, at I3 ft. The specific gravity 
and composition of the rocks remained practically the same. 

The coarsest oil sands illustrated are capable of absorbing from 
20-30 per cent, of their volume of fluid. The capacity of a sand 
with 20 per cent, voids is 8,700 cub. ft. per f< .nt-acre, or 1,550 
barrels (207 tons) of oil per foot-acre, A bed of sand 50 ft. thick 
would, therefore, be capable of holding in its pores about 75,000 
barrels equal to 10,000 tons of .850 gravit)' oil per acre. 

Gas must naturally occupy space, and where the gas is mainly 
methane it is necessary to regard the bulk as occnning in a 
gaseous state, as it is only liquid at temperatures and pressures 
which do not exist in any operated oil-field. If 500 cub. ft. 
of uncondensible gas at atmospheric pressure are yielded per 
ton of oil extracted, and an average eartli pressure of 5 00 lbs. 
per square inch is allowed, neglecting temperature corre tions and 
partial solution of gas, the undermentioned bifik of gas would 
reduce the volume of oil contents proportionate!)'. The volume 
of gas under the assumed cond'tinns would be about 3,000 cub. ft. 
per foot-acre, leaving a capacity of 8,700 — 3,000= 5,700 cub. ft. 

for oil, equal to I 35 tons (about 1,000 barrels) of .850 
42 

density oil per foot-acre. It must be understood that the above 
calculations are purely approximate to arrive at a rough idea 
of subterranean absorptions. 

The richest oil-fields of the world, in Russia, have yielded in - 
round figures perhaps as much as 350,000 barrels per acre spread 
over the total developed area of the field. Where such large 
quantities have been abstracted there were numerous productive 
sands at,intervals through a vertical thickness of about 2,000 ft; 
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the formation of dolomite. Dolomite is a double carbonate of 
lime and magnesia, and is the result of a curious recrystallisation 
of certain limestones under definite conditions, that cause the total 
obliteration of original fossils or structure. At pressures between 
one and five atmospheres, water containing carbonic acid will 
dissolve both calcium and magnesium carbonate, and under 
saturated conditions the double carbonate is deposited. The 
change from calcite to dolomite involves a shrinkage of volume of 
about of the original mass.' Such a porous .stratum would 
naturally constitute an ideal receptacle for oil, were it to be 
favourably located, and it would naturall)- facilitate the rapid 
expulsion of oil were relief afforded after it had been confined 
under high gas pressure, if the vesicular parts communicated. 

Normal dolomite contains 45.65 per cent, of magnesium carbon¬ 
ate, but signs of dolomitisation have been observed where the pro¬ 
portion of magnesium carbonate did not exceed 10.15 cent. 
Common limestones do occasionally contain oil, and .some 
bituminous limestones are largely employed for street paving 
purposes after some little treatment, but the latter rarel)' yielrl oil 
in quantity. Thrpughout a wide region in Portugal bituminous 
matter fills innumerable slip planes and interstice.s in limestones. 

The oil-bearing dolomites of Canada, which now )-ield only 
small supplies of oil resembling that of Olno, arc simijar to those 
of the later region. A typical example taken from a Canadian 
well near Petrolca is illu.strated in Plate XI 11 ., No. 3. This sample 
is discoloured, and is sufficiently vesicular to give a far greater 
absorptive capacity than 20 per cent. 

Spindle Top, Texas, owed its fame to the existence of a 
dolomitised limestone containing a preponderance of calcium 
carbonate. Messrs Hayes and Kennedy^ give the following 
information concerning the nature of the oil-bearing dolomites of 
this wonderful pool: “ Pieces of the stratum expelled from wells 
during the gushing period .showed that' the dolomite contained 
numerous cavities as much as an inch in diameter, and there was 

' See Professor Skeat’s paper, Ceolof^iial Snet'e/y’s Journal, Vol, XII., 
February njoj. 

^ Report, Geological Survey, United’States, 1903, 





feasort to believe that cavities measured in feet occ;urred also. 
The cavities were lined with a layer of crystalline calcite, the free 
ends extending into the open space.S. Although no definite 
determination could be made of the relative volume of the open 
spaces, it was considered that the rock must have been able to 
contain at least one-third of its volume of oil. Such an excep¬ 
tional porosity accounts for the extremely prolific character of the 
pool, and its rapid exiiau.stion, both of which points have been the 
source of considerable speculation.” 

Foster Bain' gives the following intere.sting analyses of 
limestones in the Illinois oil-field, taken from various points in 
an oil-bearing formation. The analyses indicate the dolomitic 
character of the most productive oil horizon. 



.\Ijo\e Hc-L P.iy. 
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III Best Pay. 

Below Besit Pay. 


361-3^5 fl- 

•^8o-^83 ft. 

305-400 ft. 

Calcium carbonate ^CaCO,;} - 

- ' .-6.^,8 

5 '-. 3 S 

55.16 

Magnesium carbonate iMgCO,- 

- 1 20 .f,<) 

2S.76 

17.64 

Iron oxide and alumina (AloO 

<, ; m -93 

3-71 

2.47 





Insoluble . . - - 

- j 

ii -45 

24-47 

Total - 

99.1.9 

95-.30 

99-74 

r _ 1_ 


Migration of Petroleum.—The migratory liabits of petroleum, 
to which an allusion has been made when discussing the anticlinal 
theory, present many phenomena of a perplexing character when 
complex geological structures are concerned. Some strata under 
all the geological changes of pressure and flexure have pre.served 
their plastic nature, and submitted without fracture to irresistible 
thrusts which have imparted fantastic and involved contortions 
without allowing the escape of their oil contents. Strata which have 
suffered only gentle folding have generally retained their original 
oil, although in a concenU-ated degree at certain points ; but where 
beds of a fragile nature have been given intricate folds, petroleum 
and natural gas have sometimes migrated into oierlying or neigh¬ 
bouring series of strata which originally contained no oil or ga.s. 

■ “Petroleum fields of Illinois, 19.7,” by H. foster Bain, II.S. Geological 
Survey. 
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The anticlinal theory has become such an accepted axiom of 
petroleum mining that any opposing dips, local flexures, or surface 
deformations, which could be remotely construed as an anticline, 
have often been given a significance quite out of proportion to 
their value, when more valuable structures alongside remained 
neglected. Many oil-fields of great commercial importance present 
structures which could only be described as anticlines by a very 
wide stretch of imagination, and there are numerous regions where 
monoclines, successions of creases, and even s3’nclines are productive 
of petroleum. Examples are given elsewhere of typical oil-field 
structures illustrating varied features. 

The ideas introduced under the word migration arc of two 
kinds : Firstly, the more or le.ss local movements of oil within the 
limits of the formation in which it is found, largel}’ summed up 
in the anticlinal theory with .some modifications now to be dis¬ 
cussed, the general trend of which will not receive active opposi¬ 
tion ; secondlv', that \icw of the movement of hydrocarbons in 
the earth’s crust which supposes them capable of traversing con¬ 
siderable thicknesses of beds, and regards them as not necessarily- 
having originated in or near the formation they now occupy. This 
latter ty'pe of migration, often called regional, is one about which 
little direct evidence is forthcoming: it furthermore is very 
actively oppo.sed by many' competent .luthorities Nevertheless, 
it is irrational to deny to ga.seou.s and liquid hydrocarbons freedom 
of motion which is granted to water or aqueous solutions. 

The readiness with which oil enters porous .strata, and per¬ 
meates large areas when the porous beds are impregnated with 
water, has been illustrated in .several oil-fields where the rich deep 
sands have been brought into contact with shallow beds. The 
.surface yellow sands of the Baku oil-fields, which formerly con¬ 
tained w'ater, were later the object of a flourishing industry created 
by peasants who sunk pits and extracted oil in pails or skins. 
Petroleum has entered and saturated faised beaches of recent 
date in Trinidad, and in the Apsheron Peninsula horizontal 
post-Pliocene beds are impregnated with oil from inclined oil¬ 
bearing strata that unconformably underlie them. 

A beej of gravel, from which the farmers obtained their .sypplies 
of water, covers the rich eastern part of the Campina oil-field of 
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Roumania. Large flowing wells on this plateau led to the impreg¬ 
nation of the gravels with oil that was transported from point 
to point by water. For miles around the peasants extracted oil 
where formerly they drew water, and on the hill side where the 
plateau is cut into by the River Doftana, oil may be seen exuding 
from tbe gravels. 

Faulting or damaged casing in an oil well will permit upper 
exhausted or barren oil sand.s, or even drained water sands, to be 
replenished when oil is flowing fiercely from a deeper source. 

Acute flexuring in all but very plastic strata must be attended 
by considerable dislocation, and such faulting permits of a wider 
distribution of petroleum and gas than originally prevailed if 
the essential conditions exist. A suitable series of strata overlying 
an oil-bearing .serie.s, perhaps deposited upon the former after 
flexuring had proceeded for some time, and consequently less 
inflected and disturbed, might form a suitable medium for the 
escaping contents of tbe lower beds. The contents of oil-bearing 
strata of a resisting nature, had suffered faulting after sub¬ 
jection to severe stresses, miglit be expelled into more plastic, 
porous, yielding beds which could absorb any fluids. 

There is abundant evidence of migration in oil-fields where the 
oil is still confined to the oil series, aUhough concentrated mainly 
within certain vertical limits where protection is afforded from 
loss due to distance from surface, and so permits remunerative 
drilling to be performed. Beyond certain depths the oil series 
either ceases or water-bearing .sands are struck, sands which at 
one time were probably oil-bearing, but from which oil was 
subsequently expelled by water. 

Gravity naturally plays an increasingly important part in the 
movement, interchange, separation, and concentration of water 
and oil as the declivity of the flanks of an anticline increase. 
Proof of the migration of oil is manifested in a variety of ways. 
Along the crests of denuded or faulted anticlines, issues of 
gas and .seepages of petroleum, or a mixture of petroleum and 
water, are of great frequency. Even along protected anticlinal 
crests, oil, gas, or both often escape from points of weakness. 
When folds deviate sliglitly in their main direction, such issues 
are generally particularly pronounced owing to fracturing, and 
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such areas of special activity lead one, in the absence of surface 
evidence, to suspect some change of strike. 

For untold ages gas and oil have incessantly or intermittently 
been expelled from oil and gas bearing strata extending for miles 
along most of the great oil-bearing belts of the world, and at 
periods of seismic activity violent discharges have occurred, some 
of which are described more fully in the sections dealing with 
indications of oil (pp. 178-79). It is asserted, though not con¬ 
firmed by reliable and methodical observation, that variations of 
atmospheric pressure, sea.sonal rains, ri.se and fall of tides, and 
age of moon, have influence on the degree of activity of natural 
exudations. Such is quite likely, as equilibrium is establi.shed as 
a result of the balancing of forces which under certain conditions 
could conceivably be modified by some of the above factors. 

The main point, however, is that there arc constant move¬ 
ments of fluids in the earth at times when there are no earth 
vibrations to disturb these fluid.s. Further, it is apparent that 
these movements must be extensive and far-reaching, tr provide 
for the losses by dissijtation that have proceeded for ages, and 
must often in the aggregate far c.vcecd in volume the material 
sub.sequently derived as a result of the operations of man. In 
this connection it is interesting to note that the oil-ficHs of older 
geological age, from which the lighter density oils of the United 
States have been mainly obtained, have .suflered little flexuring, 
and practically no loss by dissipation, and could thus repre.sent 
the concentration of very sparsely distributed oil from a wide 
area. The elevated temperatures as a consequence of depth 
would further aid movements by reduction of viscosit)’. The 
immensely richer accumulations of many Tertiary oil-fields, often 
located on sharp inflections, probably represent the concentration 
and more complete displacement from much less restricted areas, 
promoted and accelerated by the greater inclination of the strata. 

Evidence that the escape of oil and gas from outcropping 
strata is not directly attributable to displacement by accumula¬ 
tions of water in synclincs is furnished by the fact that 
exudations continue, though on a diminishing scale, when beds 
further removed from the outcrop have been largely exhausted 
of oil and water by numerous wehs. It is possible, perhaps, tc 
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magnify the significance of this feature as evidence of subterranean 
movements, as prolonged escape of gas or oil from an area 
leads to the formation of definite channels along lines of weak¬ 
ness, which continue to afford outlet for gas that expands as it 
approaches the surface after release from a deep-seated source. 

Time may possibly be able to achieve much that seems 
impossible when viewed from a commonplace scientific aspect. 
The rocks we regard as impervious are not so in reality, and 
time again may effect changes in their porosity and chemical 
composition. There seems little doubt that as slight elevations 
of level of sands in some of the American regions so frequently 
correspond with oil-productive areas, that with these movements 
must be associated the concentration of oil; but although elevated 
points arc sought and often traced and tested, strata elsewhere 
productive cT oil do not invariably di.sclosc pools of oil. Some¬ 
times the sands are dry, at other times only gas is found, and 
no adequate reason can be ailvanced for this difference. 

Such slight departures from the horizontal lead one to cast 
doubts upon lateral movements of fluids being the sole cause of 
concentration at certain points. An)' views regarding affinity 
of certain sands for oil may be disrai.sscd in •this connection, as 
distances introduce inadmis.sible frictional resistances, and one 
naturally ■ leans towards theories in which vertical movements 
arc involved. As the.se elevations are the results of earth 
movements, it is conceivable that under certain circumstances areas 
which )’ielded to these forces might fracture, and through such 
fractured regions fluids might be admitted to a ]jorous sand 
within a certain range that elsewhere was dry or water-bearing. 

The concentration of petroleum under the above-named 
geological conditions is rendered more difficult to imagine because 
the sands in which it occurs are often compact ma.sses scarcely 
disintegrating at all when yielding oil, from which productions 
are usually only obtained by Iracturing the rock by powerful 
explosives. It is also difficult to a.s.sert positively in all cases 
whether hydrocarbons saturate certain portions of the.se sands, 
or occur in fissures throughout tlieir rnas.s. 1 he conditions arc in 
any ca.se such as to impo.se considerable opposition to migration. 
Gravity alone could do very liftle in assisting a lateral movement, 
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when inclinations of a few degrees only were involved, against 
viscosity in the oil itself and adhesion of the oil and sand. If, 
however, a movement were initiated through reduction of pressure 
at points of maximum elevation, occluded fluids would move 
towards such areas, and whilst water might escape to the surface 
or be absorbed in upper strata, oil would tenaciously cling to 
certain sands and gradually replace their original water or mixed 
contents. Excess gas pressures might be dissipated gradually 
with the water, in partial .solution, or at intervals during earth 
movements, such as are probable at periods of uplift, of which 
we have no data to-day. 

The dome structures of the Texas and Louisianian oil-fields 
furnish evidence of the transport and deposition of mineial matter, 
around which has accumulated oil. Is it not more like!)’ that the 
oil has been transported from a distance b_\' the water, than that its 
accumulation is due to concentration as a result of slight ami local 
inclination in the strata? Capillarit)-, evaporation, and water of 
crystallisation would account for the thminution of tiie water, 
and concentration of petroleum in the porous beds would in time 
restrict the movement of mincral-canying water, b_v introducing 
frictional elements of no small moment. 

It is useless to try to disguise the fact that a .scientific explanation 
of the lateral movement, and concentration of iietrokam in slightly 
inclined strata is wanting. That concentration coincides with 
slight elevations of level is incontrovertible, and laudaltle efforts 
have been made to explain this. IMr W'ashbiinic ‘ has collected 
a series of valuable data connected with the powers of capillarity 
providing food for reflection, but which lea\es one nevertheless 
confu.sed. This waiter ob.serves that since water lias a surface 
tension of about three times that of crude oil, capillary attraction 
exerts about three times the force on water that it docs on oil. As 
the force of capillarity varies inversely as the diameter of a pore, 
it is contended that this force tends to draw' w'ater into the finest 
tubes in preference to oil, and displaces contained oil and gas ; the 
result being that oil would be expelled from fine-grained material 
like cla)'s into coarse-grained beds like sand. 

' “ The Capillary Concentiatinn of Oil and Oa.s,” C. W. Wasliburne, Hulletin 
of the American ln%titute nj Mminq J'in»iiieers, September 1914. 
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Constant action of capillarity would, assuming the above action 
to continue, result in the displacement of oil from the pores of fine¬ 
grained beds, and its concentration in fissures, slip planes, etc., where 
sands were non-existent. Absence of M-ater would prevent this 
movement, as any oil distributed amidst the beds would remain 
undisturbed. It is admitted that capillary force would be weakened 
by mixtures of oil and water (emulsions), and that bubbles of oil 
and gas would increa.se resistance considerably. 

The small particles of oil, whicli would by this means be forced 
into the coarse sands or fissures, may then subsequently be collected 
to form larger accumulations by means of slowly moving currents 
of water, a very important role being played by the gas, a gas 
bubble alwaj-s tending to pick up a pellicle of oil.' 

The tenacity with which petroleum clings to .some oil sands 
will be appreciated by anyone who attempts to free sands of oil 
for microsco])ic examination. 

It is possible that the selective action is of water rather than 
oil in certain cases. If watei of sedimentation, or otherwise, were 
in danger of displacement by intru'ion of oil. certain patches of 
sand of, sa>', an acid character might display greater tenacity for 
water than others through the water adhering more firmly to the 
quartz grains. Other portions containing metallic sulphides might 
resist wetting by water, and would attract oil in preference. Such 
phenomena form the liasis of the mineral sejiaration flotation 
processes. Certain ])ortious of sands possessing affinity for water 
would in this way retain water, whilst others became saturated with 
oil, the former eventually acquiring a pressure due to the sub¬ 
capillary pore water of surrounding shales. An upper layer of 
sand might, in this wa)’, yield a negligible amount of water and 
oil, when the lower would pro\'e prolific of oil. 

Lenticles of more acid sandstones might, similarly, retain water 
in a mass of more ncuti'al or basic sand, and resist tendencies to 
displacement by oil.^ Such sand might appear “dry to the drillei. 
Lenticles of this nature would form a convenient receptacle for the 
deposition of carbonate of lime, iron oxide.s, or sulphides that might 
ari.se from the action of oil or water, or both on surrounding count'/ 

' “The Accumulation of Oil and (ias in Sandstone,” Kosu’ell H. Johnson, 
Sdi'nce U.S., \’nl, XXXV., 191 
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rock, as it is unnecessary to assume the lenticle saturated with 
water. Such action would result in the formation of concretionary 
masses or bodies of unequally distributed fluids. 

George Madgwick has called attention to the sweating of 
oil from cretaceous white marls in the Maikop district, where only 
slightly impregnated with oil, when exposed to the atmosphere, 
giving them a dark external appearance. This he is inclined to 
attribute to the displacement of the oil by atmospheric moisture 
acting in the manner above described. The action cea.scs when 
enough oil has been ejected to form a coating against further 
access of moisture to the pores. 

Some actual experiments have been recently carried out by 
Roswell II. John.son,^ in forcing a mixture of oil and water 
through a layer of fine sediment containing a eoar.se-graincd 
lenticle of sand. It was found that oil accumulated in large 
quantities in the sand. 

Light density oils, who.se viscosity more nearly approaches to 
that of water, present fewer difficulties in explaining migration than 
those of the heavy asphaltic type that flow with difficulty, e\ cn in the 
presence of air and surface friction alone. It is im onceiv.able that 
such oils should have' travelled any considerable distance iii their 
present .state, even allowing for diminished viscosity for elevated 
temperature; and certainly gravity alone v,oulo be enpotent to 
impart movement in any but steeply inclined .s.inds of great 
oorosity, aided by gas. Nevertheless, Ral|.)h .Arnold submits 
itriking evidence of the close a‘'sociation of tin; commercially 
jnproductive Ivocene (Tejon) beds with the prolific oil deposits 
jf California, in the same way that .Mrazee demonstrates the 
ntimate connection of the unproductive Mediterranean fSalifere) 
vith all the great oil-fields of Roumania. Hut whil.st in Roumania 
nvolved, steeply inclined, and broken structures are ty])ical of 
nnny of the great oil-fields, thus pre.senting simple opportunities 
or the migraticjii of the light oils that characterise the.se fields, 
nany of the greatest Californian oil-fields are represented by 
ittle inflected beds, with inclin.ations of only a few degrees, though 
)erhaps resting unconformably on more inflected strata. 

' “The Role Jlnd Fate of the Connate Water in Oil and Gas .Sards,” Truns. 
4 m. Inst, of Minin;^ Engineers, 1915. 
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Opponents of orthodox theories sarcastically remark upon the 
kindness of Nature in withholding the escape of contained oil in 
outcropping inclined strata until suitable beds have been deposited 
along their exposed edges to receive their contents. This latter 
criticism is perhaps not quite justified, as there are numerous oil¬ 
fields operated to-day in proximit)- to, or in the midst of seepages 
where oil and gas have been escaping for unknown ages without 
exhausting their fluid contents. The only intelligent explanation 
of such phenomena as California presents, if geologists have 
correctly interpreted the intimacy above alluded to, is that water 
under hydraulic pressure has carried with it oil from the mother 
series in its efforts to finfl an outlet, the oil particles in its path 
being detained by surface friction whilst the water continued on 
its wa\’. It might be argued that the oils now found are merely a 
resirhie of lighter products, in which case one would expect to find 
more frecjuent indications of the lighter \'arieties ; nevertheless, the 
contention is reasonable. 

Commendable criticism of ne anticlinal theory of oil accumula¬ 
tion is submitted by Malcolm J. Munn ' in discussing the structural 
features of certain oil pools in I’enn.sylvania. Careful levelling 
of some 2,000 wells, sjjrcad over an area of about 226 sq 
miles, confirms the main occurrence of petroleum pools along 
the cre.sts and near flanks of anticlinal folds. The sand selectee 
was that knr)wn as the “hundred foot,” near the base of tht 
Carboniferous, as this was readil)' detected and sufficient!)’ con¬ 
tinuous to coc’er the whole area under study. Dips of from l in 2( 
to I in 175 were revealed within the area of concentration, and i' 
was observed tliat mixed oil and water impregnated only certaii 
detached lenticics throughout the sand, 1 he proportion of oil 
water, and gas, or level of liquid bore no relationship to the po.sitior 
of the pay streak or to each other, but it was remarked thai 
exhaustion of water corresponded with exhaustion of oil. 

Special attention^ is directed by Munn to the impossibility o 
accepting gravitation as the operative force where dips of suet 
insignificance occur, and when the maximum difference of specific 
gravity between the contained oil and water was 0.2646. 

' “ Studies of the Application of the Anticlinal Theory of Oil and Gai 
Accumulation” [Economic Geologf), 
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In discussing the origin of oil in the Kern River oil-field of 
California, where the beds are notoriously lenticular and prolific 
in diatoms, Anderson remarks :— 

“Naturally, in the sedimentation of any basin, the sandy detritus usually 
remains near shore and the fine materials are carried away to other localities 
to be deposited. Also if diatomical and other delicate organisms form any 
appreciable deposits they will more probably be formed off shore. In sub¬ 
sequent regional deformations of the strata the organic deposits are apt to be 
left occupying the position of synclinal depressions bounded by the sandy shore 
line deposits left lying in positions inclined toward the interim of the basin. 
If such organic deposits give rise to any supply of petroleum or other liquid 
or gaseous substances, these may be forced to migrate laterally along the 
bedding planes of the strata, and into the sandy strata of the border, far more 
readily than they could be forced upward through the clays and shales and 
into overlying beds. 

“ If deposits of petroleum are subsequently found in sandy shore deposits, 
we may expect to find not far away in the same beds the source and origin of it. 
Along the Kern River the conditions are all that could be required to support 
the view that lateral migration has been the means by which accumulation has 
taken place. The extent to which water, oil, and gas may migrate laterally 
along bedding planes in the process of geologic periods is, of course, very great; 
but the fact that it is retained at all in the rocks, even under enormous pressure, 
is very good proof that it cannot migrate in a vertical direction transverse to 
the bedding plane.” 

Di.stinct forces may thu.s be operative in inducing concentration 
under varied circumstances. Highly fractured, steeply inclined 
flexures would pre.sent little obstruction to migration, when 
gravitation could be given full scope. In slightly' inclined .strata, 
uncomplicated by unconformities, concentration might be induced 
by a process of partial water absorption from porous seam.s, and 
displacement of finely divided oil from clays to sands. 

In this connection it is of interest to note the frequently recorded 
occurrence of bright blue clay as hanging wall or base of oil sands. 
Pascoe ‘ calls attention to this feature in Burma and Assam, and 
suggests a genetic relationship to the oil. Similar blue clays were 
regarded as a due to the proximity of an oil .source by the old 
Roumanian shaft diggers, who selected this clay in which to sink 
their wells. Arnold - refers to the fine blue sandy shale, known 
to the drillers as the “big blue,” in the Itastsidc Coalinga oil¬ 
field, where it immediately overlies the upper Vaqueros oil zone. 

' Mtmoirs, Geological Society, India, “ Oil-Fields of Burma, igiz.” 

“ Bulletin 398, United States Geological'Survey, “Coalinga District," 
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Eldridge' also notes the occurrence of blue clay above and below 
the oil sand of the Kern R.iver district. A chemical investigation 
of these blue clays might prove of great interest; possibly they are 
phosphatic beds indicating, as is so often the case, the shallow 
water ending of a particular geological period. 

A feature which discourages the assumption that considerable 
lateral or \'ertical movements of oil have occurred in undisturbed 
strata, is the absence of purification which usually ensues when oils 
are forced through fine sediments. 'I'hat such purification does 
proceed in the earth is jiroved b\- the frequent occurrence of 
light-coloured and light-density oils in petroleum-bearing strata. 
Dehydrated, siliceous and aluminous minerals are commercially 
used in the practice of refining as decolorising media, and 
although when in a hydrated state, as in Nature, this effect is 
reduced, long jjassage through the sub-capillary pores of fine 
claj’s could not fail to bring about a refining such as few natural 
oils disphi}'. 

The immense quantities of !r, drocarbon gases and light oils (see 
p. lo6j impregnating the fine sands overlying the main oil-bearing 
scries of the Baku oil-fields at Surakhany, were doubtless derived 
from the deep-seated, normal, dark oils whicK were subsequently 
struck at much greater depths, of over 1,500 ft. in the same di.strict. 

In the occurrence of the solid bitumens, which fill fissures in 
clays in the vicinit)’ of oil-fields, we have additional testimony of 
the absorptive and selective properties of clays (see p. 193). 

Concentration in the great Tertiar>’ light-oil fields, like tho.se of 
Russia, Roumania, Galicia, Burma, appears to have been largely 
influenced by faults and slip planes, and not by a process of upward 
or lateral filtration through strata. All these fields give abundant 
evidence of faulting, even upon their nearly horizontal crests, and 
in Roumania it is the junction of the upturned and sheared-off 
beds and the thrust planes that are specially sought to secure the 
greatest j-ields of oil. There is little doubt that water was the 
agent of transportation and distribution, and that in many ca.ses 
it was the medium that expelled oil from lower beds, and drove 
it into upper ones where, in comparative isolation, it could be suc- 

' Bulletin 213, United .States Geological Survey, “Contrib. Econ, 
Geology.’’ • 
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cessfully raised. The water is not often under hydraulic pressure, so 
consequently does not encroach upon oil-fields with the exhaustion 
of the sands. 

After a certain stage has been reached, water may be the salva¬ 
tion of an oil-field (see p, 142), inflowing or infiltration water acting 
as a rinsing fluid, and washing out much of the remaining contents 
of the oil sands in its movement to points of c.xtraction. 

Although eminent authorities on petroleum mining have, in 
several cases, expressed unqualified conriction concerning the 
source of petroleum in ccrtairi fields where concentration has 
been attributed, not without excellent reasons, to migration, there 
are features that permit ol no obvious e.xplanalion, and suggest 
caution in accepting such conclusions. Reference has alread)- 
been made to the assertion that the oil of the Coalinga oil-field 
of California is derived from Eocene shales which the |jroductive 
series unconformably o\erlie, and to the difficulties of fixing 
the forces instrumental in the transference and convevance of 
such viscous products along nearly horizontal strata. Th ■ pri.iblem 
has been recentl)' complicated by the discovery, first of lighter oils 
in the Eastside Coalinga field and then of paraffin-hearing oils 
at increased depths., 

Roumanian developments in 1914 brought to light a similar 
inconsistency, where very pronounced views had been generally 
expressed concerning the Saliierous Miocene leds being the 
source of the oil of the great oil-fields in that countrv. Deep 
drilling in the Moreni (Bana) oil-field had disclosed the existence 
of deeper oil of a paraffin base in beds of Meotic age. In this 
case the same geological series yields paraffin-bearing oil at 
hilipeshti some four miles along the anticline to the east, but 
at Filipeshti the upper Lev'antinc and Dacian beds that produce 
normal asphaltic oil at Moreni yield no oil, for the presumed and 
accepted reason that the)’ are too far removed above the Salifere 
In the nearly symmetrical anticline of that field. 

Both the above recent ca.ses introduce elements of a disturb¬ 
ing nature. If oil is derived from the same source within the 
limits of the .same field, there is the difficulty of reconciling 
the occurrence of an oil with a paraffin base in one series of beds 
and oil of an asphaltic base in anflther geological series. There 
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is no transition stage, and the disturbed condition of the Saliferous 
cores precludes recourse to explanations involving varying oil- 
forming conditions at various stages in the Salifere. It is difificult 
to conceive of any selective properties of certain oils for strata, 
or of strata for certain oils, and one is forced, therefore, to indulge 
in suspicions as to the common origin of the oil from the Salifere. 
Reference to p, 124, and Chapter V., will facilitate an under¬ 
standing of the above. 

Differences of density and varying percentages of contained 
hydrocarbons admit of explanations in numerous ways and, indeed, 
would rather be anticipated where migration had proceeded in 
numbers of distinct types of strata under profoundly different 
structural conditions, but differences in essential properties of 
oils, who.se very origin is often attributed to a different cause, admit 
of no such simple explanation. 

I'roblems of this nature are rendered more mysterious and 
inexplicable b)' the fact tiiat in several of the Roumanian oil-fields 
beds of an identical age, within o. finite belt.s, present no agreement 
as regards their oil contents. At IMore'd, h'ilipcshti, and Campina 
the Meotic beds yield true paraffin oils that are nearly solid at 
winter temperatures, although every'’here else m the country, even 
on the same anticline to the east, the Meotic .series yield typical 
asphaltic foils when the>' recline against the Miocene Salifere. 

This subject would be incomplete without reference to the 
Roryslav-Tustanowice oil-field of Galicia, which produces con¬ 
sistently to ascertained depths rich paraffin-bearing oils, besides 
considerable quantities of the solid ozokerite in the higher beds 
of certain parts of the field. Iflsewhere in Galicia, oil-fields 
yield normal asphaltic oils, but areas are known, as also in 
Roumania, where seepages of paraffin oils or veins of ozokerite 
testify to the further existence of this grade of oil, although 
payable oil-fields have not been developed. 

It is probably unwise to attach too much importance to the 
above inconsistencies, in view of the recognised ignorance of the 
true relationship of paraffin-base and asphaltic-base oils, but such 
conflicting results within narrow limits suggest caution in drawing 
sweeping deductions. , 

Causes of Pressure. —PetrCleum does not flow from wells like 
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an artesian supply of water when fountains, gushers, or flowing wells 
are struck, but it is either expelled as a finely divided spray amidst 
great volumes of gas, or flows in spasmodic impulses through 
supersaturation with gas, in much the same way that air-lifts act 
on water. Volume of gas rather than pressure is the deciding 
factor in flowing wells ; thus it is that wells of small diameter 
will continue to flow long after those of large diameter would 
have ceased. A small quantity of exceedingly high pressure gas 
would be less effective in inducing a natural flow than large 
quantities of low pressure gas, or even volatile fluids in the oil. 

Unless petroleum is expelled with extreme violence—and in 
such cases the output generally ixirtakcs of the character of a 
spray—a misleading conception of pressure may be gained by 
casual observation : only closed pressures can indicate earth 
pressures. UnfortunateK- closed gas pressures have rarely been 
methodically recorded, except in gas areas where the gas is 
conserved and utili.sed for indu.strial purjioscs. 

Pressures can rarel)’ be mea.'iired in oil-fields such as some 
of the Russian and Roumanian, w'herc great quantities of sand 
accompany the oil, and cut to fragment . any object of obstruction; 
and in many oil-fields reluctance is fell b)- producers to check 
entirely flows of oil, as fretjucntly reactivity on the old scale 
of yield cannot be excited. In other cases e.v'remc danger 
attends endeavours to restrict violent ilows, bc=id'.s the incurring 
of heavy expenditure in special material. 

Daily outputs of from 10.000-15,000 tons 175,000-100,000 
barrels) of oil, accompanied by tens of millions of cubic feet of 
gas, and often as much sand as oil, are not simple to control, 
yet such wells have characterised initial development in a number 
of the great oil-fields of the world. Practically every oil-field 
furnishes abundant evidence of high gas pressures during its 
early development, and although actual piAssures are not registered 
they are undoubtedly very high. Wells in Borneo, Oklahoma, 
Roumania, and Russia have been left for weeks, and even for a 
year in Borneo, blowing off gas before the pressure had been 
relieved sufficiently to permit the drillers to return and carry 
the wells t£> the deeper oil sources. 

At one time oil-field pressures* were generally attributed to a 
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hydrostatic head, and estimations based on levels of outcrops 
taken in the Appalachian oil-fields of the United States gave 
some basis for such assumptions. The hydrostatic theory is 
now discarded as untenable when applied to other oil-fields, and 
it is now known that pressures indicated by wells in the same 
field di.sclose such disparity, and occasionally such excessive 
pressures, that a hydrostatic origin is precluded from consideration. 

Pressures as high as 1,500 lbs, per square inch have been recorded 
in West Virginia, where the wells are deep, but the more usual 
pressures vary from a few pounds to 500 lbs. per .square inch. Closer 
investigation supports the view that pressures have often been 
overrated, and recent oil-field studies indicate that closed pressures 
arc usually well within the limits of a hj'drostatic pressure due 
to the depth of .source measured from the level of water satura¬ 
tion. A depth of L,ooo ft. corresponds to a hydrostatic head of 
432 lbs. per square inch, so that at 2,000 and 3,000 ft. respectively, 
pressures of 864 and 1,296 lbs, per square inch would result. If 
water were the controlling factor of pressure, consistency of pressures 
at constant depth below a certtiin dstuni would be anticipated, 
at least in the initial career of an oil-field, but no such con.stancy 
exists. If the static head of liquids in the well is taken as the 
indicator of pressure, some measuie of comparison should be 
possible. Experience, however, shows that the levels of wells 
within the limits of a single field vary greatly, and no relation¬ 
ship can be established when pre.scnce or absence of water is 
allowed for. In the above figures fre.sh water has been taken 
as a basis of calculation. 

The static heads of both water and oil, with due allowance for 
differences of density, do a.ssumc .some regularity in some oil-fields 
within certain limits ; and this head diminishes with the exhaustion 
of the field. Within circumscribed areas some fair consistency was 
noticeable in the steady lowering of static head in the Baku oil¬ 
fields as exhaustion proceeded, and it was especially observed that 
the water and oil acquired the same relative heads. Wells which 
turned from oil to water through imperfect e.xclusion or other 
causes indicated almost identical static heads. 

Without the influence of ga^ petroleum should obviously acquire 
a pressure equal to the hydrostatic head of capillary pore water. 
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but if gas continued to be generated in the process of oil formation, 
water should acquire the pressure created by the gas. The fact 
that pressures exceeding the natural hydrostatic head due to water 
would, in many cases, result in the gas finding means of escape by 
displacement of water or movements along faulted zones, is against 
the probability of petroleum usually occurring at a pressure far 
in excess of that possibly due to water. 

The remote relationship of oil and gas pressures to hydro¬ 
static head is illustrated in most oil-fields where water and oil 
are found impregnating different sands in the same series of 
strata, although erroneous deductions can easily be drawn from 
imperfectly studied phenomena. Flowing water may not be 
artesian in character, but due to the lightening effect of gas which 
gained access to the water source, or entered the bore hole from 
a gas source ; likewise, high oil levels may not be true static 
heads, but accounted for by brisk evolution of gas. Discarding 
doubtful issues, it will .still be found that water sources beneath 
and above oil sources give quite different static heads, and often 
far below those of the associated oil scams. In other cases, 
true artesian water flows are struck amidst oil beds having a 
much lower static head. 

Malcolm Munn' has shown that the heads and volumes of 
water in the pay streaks of the “ hundred foot ” sand near the base 
of the Carboniferous scries in certain parts of Fcnnsylvani.a neither 
bear nor have ever borne any definable relationship, and in 
recording the relative proportio:i of oil and water, he quotes a 
peculiar case in one pool where the quantity and head of the 
admitted salt water increases with the life of the wells, until oil 
is eventually excluded. 

The most convincing proof that oil and gas pressures are in 
many cases not attributable to a hydrostatic head is the entire 
absence of any but the smallest traces of water in and around some 
oil-fields, and the fact that water does not a.Sia rule encroach on the 
field as exhaustion of oil proceed.s. Many oil-fields show exhaustion 
of oil and water with age, but in some fields something allied to 
synclinal water, or water under a hydraulic head, does appear. 

’ “ Studie? on the Application of the; Anticlinal Theory of Oil and Clas 
Accumulation ” (Economic Geology). 
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Oil pools in the Appalachian, Canadian, Roumanian (Bushtenari), 
Peruvian, and Russian (Balakhany and Maikop) oil-fields show 
declining, and in some cases almost total, exhaustion of petroleum 
without any influx of water such as would have followed its 
concentration under a hydrostatic pressure. In practically all 
the above cases referred to, depth of the oil sourcc.s assured a 
static head, if water existed, of sufficient moment to flood the 
areas involved. 

The high pressures met with at the base of the syncline 
separating the eastside and we.stside oil-fields of Coalinga could 
not be accounted for by a hydrostatic head, nor would it explain 
the high pressures encountered in the syncline between certain 
folds in Trinidad. 

Oil-field waters disclose chemical characteristics which often 
disclaim association with normal subterranean supplies. They 
present features which di.scourage migration ideas, and suggest 
their lifelong intimacy with the oil series from which the oil is 
still being e.xtracted. Nevertheless, realising the extremely com¬ 
plicated structures and excessive fau.ting in many of the great 
oil-fields, it would be presumptuous to be too dogmatic about 
the influence of a hydrostatic head at some "stage when internal 
circulation of fluids was not impeded by innumerable faults and 
involved flexures. 

As explained more fully under migration, water has often 
been the medium of transportation and distribution of oil, and 
in some cases a hydraulic head has probably been partially 
responsible for the high pressures of oil isolated and held in 
position against impassable barriers, as in parts of Mexico. 

The .source of what might be termed the potential energy of 
petroleum is in reality hydrocarbons, some in a gaseous state, 
others in solution, but all capable of becoming kinetic and exerting 
great force when pressure is relieved. To methane must be mainly 
attributed the high pressures prevailing in oil-field.s. Its clo.se 
connection with oil through processes of migration, without separa¬ 
tion, arouses the suspicion that its production continues, thus 
enhancing subterranean pressures within certain limits of pressure. 

Assuming that the ideas j)ut forward by the Eagler school 
as to the process of conversion of fatty materials into petroleum 
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are correct, there is no difficulty in accounting for a large increase 
in methane during the later stages of the process, and probably 
after the sediments have taken up more or less their present 
position. Methane may continue to be evolved for considerable 
periods, and it is possible to imagine that after large quantities 
have passed into solution, both in the associated water and in 
the oil, the remaining portions may materially add to the pressure 
already existing in the oil and water. 

When once subterranean equilibrium is disturbed by partial 
development of oil-fields, new forces commence to act that yield 
the phenomena described in the iie.xt section. 

Subterranean Movements of Petroleum Occasioned by 
Development. —The exploitation of a rich oil-field must necessarily 
so upset equilibrium as to occasion some readjustment of sub¬ 
terranean conditions, h'ew ])ersoiis intim.itely associated w'ith oil¬ 
field operations have failed to come into contact with phenomena 
of the most puzzling character, affording to the unscientifically 
trained subjects for the wildest speculation. 'J'he sudden relief 
of millions of cubic feet of gas under pressures of 500- 
1,000 lbs. per square inch, and the ejection of 10,000-15.000 
tons of oil daily, with sometimes an equal W'eight of sand, must 
bring about subterranean disturbances bearing up'.'U , the dis¬ 
tribution of oil. 

Practically all oil-containing strata are crush.ed and faulted 
where the structure is complex, and where hard resisting beds 
occur at intervals in the geological sequence. These fault 
and slip planes constitute lines of weakness that acquire 
increasing importance as development proceeds, as along the.se 
lines oil and gas travel to points of low resistance; their 
importance has been appreciated liy observers in far-separated 
oil-fields, and their influence actually traced in some places. 

Ralph Arnold directs attention to the important part played 
by joint cracks in the Californian oil-fiblds, and records his 
views in his report on the Santa Clara Valley, Puente Hills, 
and Los Angeles oil districts.' In Russia and Roumania faults 
and junction planes have been deliberately sought under the 

' Bulletin No. jog, United Stated Geolosical Survey, p. 157. 
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conviction that their penetration at depth would lead to yields 
far beyond normal, and not in vain. 

The development of the nearly horizontal, compact, and 
little faulted sand.s of many of the American oil-fields lead.s tc 
no phenomena of note, as the maximum yield is at first, and 
production tails off as drainage ensues, until a .shot is fired te 
break up the stratum further afield, and give the well renewed 
vigour. Not so with the more complicated, folded Tertiary 
oil-fields, especially where the .sands are not compacted, and 
readily disintegrate, and travel with the petroleum they contain, 
The initial yield of oil is often small, and gas alone may be 
discharged for days, weeks, or even months before oil in quantity 
appears. The author has seen clean white .sand violently ex¬ 
pelled from Russian and Roumanian wells for many days before 
oil appeared, the whole country round being strewn with a 
covering whose weight caused the collapse of the roofs of 
buildings upon which it had fallen and accumulated. The 
sand becomes mingled wilh a gradually increasing spray of 
oil, until productions of several hundred tons, and sometimes 
several thousand tons daily are reached. 

h-xpulsions of dry sand arc not viewed with alarm, as they 
are frequently followed by oil, if struck within the limits of 
an oil-field. Provision is being naturally created for oil 
accumulation, by extending the influence of the well far beyond 
its immediate vicinitj'. The removal of much sand from wells, 
as generally occurs in the early stages of development of oil¬ 
fields where the oil is contained in loose sands, promotes the 
formation of an area of low dcn.sity around the mouth of the 
lining tubes into which oil infiltrates and accumulates prior to 
Its removal. I'or a long distance around the well the sand 
may, under the influence of agitation by gas, be impregnated 
to the e>:tent of 50 per cent, of its volume, forming valuable 
receivers for the wells, l-'rom some of the richest areas in 
the Baku oil-fields as much as 20,000 tons of sand per acre 
have been ejected or raised with tlie oil. 

The influence of early wells on an oil source e.xtend.s much 
urther than furnishing an 'area of high absorptron and low 
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resistance, because as oil infiltrates into this area from Ion 
distances it follows lines of least resistance along slip planes an 
coarser veins, thus producing in time definite channels deviatin 
in all directions, that act as feeders. Favourably located well 
unmolested by neighbouring operations till they are firml 
established, have an immense advantage. Later wells sunk i 
the vicinity do not derive the benefit of the high gas pressut 
which was responsible for the condition of the early well, an 
oil is not readily deflected into new channels, even when th 
sediment is unconsolidated, and especially when the sands ai 
compact, the resistance great, and an area of low de.stiny : 
absent. 

The author has had this peculiarity many times thrust upo 
his notice when new wells have been sunk in the vicinity of ol 
producers in the Baku oil-fields, a new well within even 50 ft. < 
an old one, carried into the same sand at the identical deptl 
failing to produce more than a fraction of the then present yiel 
of an old well. An illustration of this feature was vividl 
impressed on the author’s notice when opening up an old we 
that had for many years been abandoned as unproductive, wit 
the remarkable result that a production of 40 tons ( 300 barrel: 
daily was obtained, and th's in a district when' the maximui 
initial yields of new wells sunk away from old wells was I 5 tor 
(130 barrels) daily. Long standing had led to the gradual infi 
tration of oil into the area of low density formed by the origini 
extraction of much sand, and the same circumstance, togethi 
with the presence of old feeders, rendered its removal easy, I 
the case of a new well in such an exhausted and low-producin 
district there would not have been sufficient gas left to expel th 
oil from the sands, and the exudation from compact undisturbe 
sands would have been very slow indeed without the aid of gas. 

Reference is made to this known feature by Huntley,* wh 
refers to wells in the Caddo field of Louisiana and the Glenn poi 
of Oklahoma, that draw their oil from unconsolidated sand, beir 
pumped incessantly twenty-four hours daily and 365 days year! 
to prevent neighbouring wells from breaking down an establishe 

i 

* Technical Paper 51, Petroleum Technology, Bureau of Mines, Washington 
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drainage system that ensures a high rate of yield on initial wells. 
Mention is made of a paper by Hager/ containing a diagram 
showing hypothetical drainage lines that deviate from the well in 
ill directions and act as feeders. Each well is referred to as 
setting up its own drainage system—from which wells subse¬ 
quently drilled rarely divert the oil, if production is energetically 
prosecuted without cessation. 

Violent spouters from loose sands, instead of rapidly exhaust¬ 
ing the immediate vicinity, actually produce the opposite effect. 
A clo.se study of the behaviour of a great gusher is exceedingly 
instructive, and enables one to picture mentally what is transpiring 
in the earth a thousand, fifteen hundred, or more feet below. 

After an initial expulsion of the column of oil in a practically 
unbroken body, which falls in graceful cascades on all sides as it 
steadily rises, a fierce ejection of gas ensues, accompanied by oil 
spray. Then follows a series of intermittent eruptions of sand, 
oil, and gas in varying propor'^'ons, as the well is alternately 
obstructed by and cleared of masses of sand that choke the 
tubing and are expelled, causing columiis of oil to be thrown to a 
height of several hundred feet. These alternate obstructions and 
relief caused by detached fragments of strata, which momentarily 
plug the • tubing and then become ejected, throw violent and 
changing pres.surcs on the strata from which the oil is liberated. 
Such action occasions a vibration that causes the ground to quiver 
for some distance around, and it occasions a disintegration ot 
strata for a radius far beyond that which would result from a 
gentle flow. 

The action of violent gushers, besides discharging enormous 
volumes of sand, thus creating favourable conditions for accumula¬ 
tion, causes the formation of channels from long distances, and 
sometimes brings about connection with other oil sands, the 
contents of which augment the j'ield. 

Careful drilling will' enable a succession of rich oil sands to be 
penetrated and passed if the wells are not bailed, and no agitation 
is set up which would induce a flow, and consequently initiate the 

' “Geological Factors in Oil Productions,” Min. and Set. Pteif, Vol. CIII., 
December 9, 1911. 
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action just described. This feature was understood and put into 
execution by some of the most skilful operators in Baku, who, 
when developing new rich properties, anticipated very violent 
eruptions that would in most cases destroy their casing, and 
probably cause the loss of the well. It was, therefore, a practice 
to carry a well through several rich sands before testing, with the 
result that after the flush production of the deepest source had 
been discharged, and the casing had collapsed as anticipated, 
the weakened casing broke at the next source, and eventually at 
the third upper source, as the second in turn lost its great gas 
pressure after a heavy yield. Some wells treated in this way 
have given 500,000 tons (3,750,000 barrels) of oil, and other wells 
sunk later, near by, to the same sands, have given normal yields 
for many years without the dangers of collapsed casing which the 
initial ones suffered. 

In Russia and Roumania, where the oil .sands are loo.ste, 
engineers are well acquainted with the importance of encouraging 
the excitement described, and of keeping open channeLs once 
formed. Wells may be closed in and controlled by valves, but a 
neighbouring operator who has a well in the same sand will at 
once derive benefit, and may induce the inaki flow of oil to his 
well. The original well may never be induced to flow again, 
although it may continue to give a good produclio 1 by bailing. 

Many examples could be quoted of the connection between 
wells .separated sometimes by long distances. The choking by 
sand or closing artificially of one well ma\’ lead to the immediate 
activity of one near by. An example which has given ri.se to 
much reflection occurred in Roumania in 1912-13. ^ gusher 

flowing 1,000 tons (7,500 barrels) daily was struck at Moreni, 
when a neighbouring operator was within a few feel of the .same 
source. The authorities forbade the neighbour from drilling on 
account of the alleged danger from gas, which saturated the 
surrounding air. Appeals failed to reverse this decision, and for 
a year the well flowed, giving in that period over 300,000 tons 
(2,350,000 barrels) of oil, when, had there been no restrictions, this 
volume of oil would certainly have been distributed among one 
other, if not more operators, who tvould have reached the source 
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in time to share in the production, if not to deflect the flow 
entirely. 

The world-famed “ Oleum ” property (Group XIX.) in Bibi- 
Eibat, Russia, owes its great productivity to the phenomena 
under discussion. It was the earliest property developed in the 
oil-field, and it was here that the greatest and most numerous 
gushers were brought in. From 27 acres between 8,000,000 
and 9,000,000 tons (60,000,000 and 67,500,000 barrels) of 
oil were extracted in thirty years, and not less than 500,000 
tons of .sand have been ejected or raised with the oil. The 
.sponge thus formed, aided by disintegrated fault planes, was 
continually repleni.slied by inflowing oil from all around, as its 
contents were abstracted by bailing. The property thus acquired 
and retained a value never approached by any of the surround¬ 
ing lands which, at a later date, entered development. In this 
ca.se the water factor, to wln'ch reference is made later, largely 
entered. 

The sensitivene.ss of petroleum wells is not generally appre¬ 
ciated. A sudden diminution or cessation of yield is not natural, 
and must be due to abnormal causes demanding careful investi¬ 
gation. Oil sands do not suddenly run dry, nor momentarily 
acquire greater saturation, and great fluctuations of yields are 
due to subterranean disturbance.s wbich .should be .studied. 
Influxes of oil are naturally attributable to subterranean land¬ 
slides opening up a udder area, as the great inrush of sand which 
is often contemporaneous with the inrush of oil prove.s. Sudden 
diminutions of yield arc due to checks and obstructions that 
in some ca.ses clear themselves in time. 

A very little change of conditions often has a remarkable 
effect upon the subterranean movements of oil, as the following 
selected examples which have come under the authors personal 
observation will show. well which had yielded for years 
dried up, and was set aside for deejrening. When prepared 
for drilling some months later, so much oi! was found standing 
at a high level in the well that it was decided to bail it 
out The level fell very little, and bailing was continued, 
with the result that the welUyielded between 20 afld 10 tons 
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(150-75 barrels) daily for many years. Changed conditions 
had caused the removal of an obstruction isolating rich oil 
sands in the vicinity. 

Oil from a flowing well in the Bibi-Eibat oil-field of Russia 
on one occasion found admi.ssion to an abandoned oil well 
near by, down which it flowed in considerable quantities, with 
the astoni.shing result that this old well commenced to flow 
with great vigour, and yielded immense quantities of petroleum. 
This was evidently due to the subterranean e.xcitement .set up 
by the introduction of great volumes of oil, which either o])encd 
up a new source previously e.xcludcd, or dispersed an obstruction 
that had for years effectively' e.vcluded oil. 

In the year 1910 the author was requested to visit Roumania, 
where an e.xceedingly productive well had suddenly ceased to 
yield, under circumstances that made it certain that the .source 
was not exhausted. After investigatioji on the ground, wSter 
was pumped into the well through a 1k)sc for several hours 
without rising high in the casing, and when bailing was resumed 
oil was found instead of water, and the well within several hours 
commenced making periodical flows of oil. At intervals of a 
few months this conduct and treatment we/'c repeated, and the 
well in 1914, nearly four ye^irs later, was still givii.g a good 
production. 

The danger of totally checkuig the flow of a well was 
well illustrated in the I’cruvian oil-fields, when a violently flowing 
well was closed by a valve. On sub.sequcnt opening, when pro- 
vi-sion for storage had been completed, the well failed to respond, 
and was found dry. Four wells W'ere drilled in succession in a 
circle around the first well, and within 50 ft. of it, without obtain¬ 
ing any production. This particular well was located close to 
a fault of no considerable throw, and doubtless the oil found 
admission through this channel, which became firmly choked 
w'hen the high pressure was clo.sed in. ' 

There is no doubt that in many cases the artificial intro¬ 
duction of large bodies of water, or preferably oil, is beneficial in 
clearing obstructions in wells, but as its indiscriminate application 
might lead to deplorable and irscparablc damage, it is well to 
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take advice upon such matters, and let each case be judged 
by circumstances. 

Approach to a faulted zone of di.sturbed ground in some 
oil-fields is fraught with risk of failure, and .sometimes absolute 
danger, but in other regions it is along the fault planes that 
the greatest producers are struck. The employment of high- 
power explosives in hard oil sand.stones or dolomites to induce 
fractures is, in some fields, a recognised procedure, owing its 
origin to an appreciation of the benefits of fissured strata. 
Several leading operators in the Baku oil-fields, as far back 
as 1900, ob.served the influence exercised by faults of sufficient 
throw to locate their position, and measure their displacement 
and hade at the surface. A series of exceptionally large girshers 
were found to be so located that inclined faults \vere struck 
at considerable dejith, and this information led to the location 
of wells to .strike known faults at estimated depths. 

Mrazec has long called attention to the importance of the 
junction planes between the Miocene Saliferous .series and other 
newer strata reclining unconformabl}’ again.st them, and it is near 
them that great producers have been located in Roumania. 
This feature is particularly noticeable at Mvireni and Baicoi, 
where extremely prolific gushers ha'.’c resulted. 

Attention should be called to the possible influence of wax 
in oil-fields )’iclding paraffin-base oils. I hat wa.x is deposited 
in wells is abundantly imoved by large mas.ses cleared or ejected 
from bore holes at intervals, and by the accumulations on the 
pump tubing and pump valves. Sir Thomas Holland has 
called attention to this feature in the \ enangyaung oil-field of 
Burma, and mentions iiiter aha that two op|x)sing factors are 
at work. Temperature due to depth tends to keep liquid the 
wax, whilst loss of dissolved gases and lighter products with 
diminishing pressure redifces both the solvent properties and 
temperature of the oil, and favours the deposition of wax. I ro- 
ducers in the Boryslav-Tustanowice oil-field of Galicia have 
long appreciated the sealing effect of precipitated wax around 
the base of bore holes, and have evolved a process of swabbing 
fsee D. ^82') which draws in the accumulating wax, jnd assists 
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in keeping the rock pores open. Notwithstanding this, the 
influence of wax separation is likely to effectually obstruct free 
movements of oil from a distance, and the radius from which 
a well would draw its suppl}- of oil would be less than in 
asphaltic oil-fields. Possibly the distance would diminish with 
the age of the field. 

The ma.ximum 3’ield of such a field might only be obtained 
by a far more congested distribution of wells than caution and 
economy dictated in normal circum.stances. Wells twenty j’ears 
old were, in 1914, being regenerated with great success by 
an electrical process in the Oil City district of I’enn.sylvania, 
the inventor of the process contentedlv accepting his payment 
out of increased productions following the melting of wax 
which had previously checked the inflow of oil. 

Water often exercises as powerful an influence upon the 
movements of oil during the development of an oil-field as it did. 
in its original formation, jMany of the greatest ijroducing wells 
of the world have become sub.sequentK- flooded b}' water, suggest¬ 
ing some connection between the water and oil. Old Haku 
drillers positively affirmed that where there was no watei there 
was no oil, their ‘meaning being relative onl)', and referring to 
“flowing” oil. Deprived of gas from hundreils of vents, oil sands 
do not readily deliver up their contents, and in the c ase of viscous 
oils of heavj' densit}', where friction is great, a point is soon 
reached where the rate of percolation into the wells is too slow to 
allow of remunerative extraction. 

A limited contamination with water is probabl)- always an 
advantage, and is the salvation of some fields where absence of 
gas, density of beds, or viscosity of oil reduces movements to 
nearly zero, when the initial gas pressure has diminished. Mingling 
with water that was originall}' present or subsequently entered the 
sands, oil is rendered more fluid, and 'the mixture more readily 
flows to points of abstraction. The following pertinent paragraph 
appears in the 1904 Report on the West Virginian Geological 
Survey, and shows that the phenomenon was observed in that part 
of the world :— 

“When water is found in connection with the oil as in the ‘Hundr^ 
Koot’ district of Butler County, Pa., or tile Sistersville field of West Virginia 
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and Ohio, most operators consider that a much greater proportion of the oil can 
be secured than where the salt water is absent, since the water acts as a rinsing 
fluid to flush the petroleum out of the sand, and bring it freely into the well. It 
is also claimed by the practical oil producers that the tendency of the rock to 
become clogged up with paraffin is much less when the petroleum is accom¬ 
panied with salt water than when it is absent, so that for both of these reasons 
it is most probably true that the sand will yield up a greater portion of its oil 
when the latter is accompanied by salt water." 

Malcolm Munn also refers to the contemporaneous exhau-stion 
of water and oil in the Sewickley (]uadrangle of Pennsj’lvania in 
the same “ hundred foot ’’ sand, and the universal association of 
the two fluids in operated pools. 

Some oil-field.s in the final .stages of exhaustion, like that of 
J’etrolca, Ontario, Canada, owe their very existence to the presence 
of water which percolates into the nearly exhausted porous 
dolomites, rinsing out their remaining contents, which are pumped 
from numerous wells towards which the mixture flows. Advantage 
is taken of spring rains or a large freshet at Oil Springs, Lambton 
Co., Ontario, to pump oil washed from the Corniferous limestone, 
and raised to certain points on the anticline. Certain wells 
were pumped in progn'cssive rotation a- the water advanced or 
receded, carr_\ing with it extracted oil.' 

The jirescnt yield of the great B.ikii oil-field is mainly due to 
the prevalence of water, which, gaining admission to the exhausting 
oil .sands, rinses them and carries tlieir contained oil to hundreds 
of points of e.xtraction. Man)’ very jiayable wells give five 
volumes of water to one of oil, and a proportion of two of water 
to one of oil is exceedingly common. Kew oihfields, indeed, are 
entirely free from water, and in man\’ the quantit)' of water 
diminishes as the field develops. Saturated water sands, at first 
demanding expensive methods for the exclusion of their contents, 
discharge slowly into tlie oil sands beneath as the latter become 
exhausted, each fault)' or damaged well providing a jiassage for 
its descent, and each distii'rbcd lault plane a jio.s.sible channel for 
its wider distribution. ‘ 

De.scriptions of several interesting wells given below will 
illustrate the influence of tlic features just described. The pioneer 

' Technical Paper 51, Petroleimi Tcrhnology ii, L. (>. Huntley, Bureau of 
Mines, Washington. * 
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well in the Mamakai district of Grosny, Russia, flowed with such 
violence that all endeavours to effect its control were fruitless. 
The oil and gas opened up passages in the earth around the well 
until the site more closely resembled a mud volcano than an oil 
well, and for years its output was allowed to flow to waste. 

A well sunk to a depth of 2,860 ft., by the Union Oil Company 
in Santa Barbara Co., California, in 1904, began to flow at a rate 
of 1,300 tons daily, ejecting at the same time much loose sand, 
but attempts to cap the well met with no success, as the oil 
commenced flowing from numerous cracks which opened in the 
ground for a radius of 50 ft. around the well.’ 

In 1908 a deep well near San Geronimo, south of Tampico, 
Mexico, flowed with such prodigious force that fissures were opened 
up in the earth for a radius of 250 ft., from which were expelled 
oil and gas, producing in a short time a crater with an area of 
25 acres. This area was ultimatcl}- transformed into a lake of oil in 
which the derrick and machinery were engulfed. Most of the 
oil was consumed in a fire which broke out and burnt for forty- 
eight days, during which time some 2,000,000 ton.s of solid matter 
was ejected with the liquid. The oil was eventsially folio’,ved by 
warm water, which-fiowed in sufficient quantity to form a river. 

The Lake View No. 2 well of the Midway field of California 
gave an estimated initial \ield at the rate of 40, ..500 barrels 
daily, and a total of about 3,000,000 barrels (.‘■■.ay 425,000 tons) 
in a little over five month.s. Water gradually increa.sed until, 
towards the end of the flow, there was Go per cent, present. 
The violent eruptions cau.sed the earth to cave in, forming a crater 
75 ft. in diameter, in which pool the e.sc.aping oil and gas cau.sed 
violent ebullition. 

In 1914 a violent gas well, <S miles north of Corpus 
Christi, Texas, resulted in the earth opening up, and eventually 
swallowing derrick and machinery, a cavity 100 ft. x 60 ft., from 
which gas escaped in great volumes, marking the .site. So great 
was the disturbance created that gas i.ssued from oil wells 
1,000 ft. distant through fissures in the earth.* 

’ “The Production of Petroleum in 1904,” United States Geological Survey. 

“ Oil and (ias Journal, 14th December ^914. 



Influence of Admitted Water 145 

Such violent eruptions as those described could not fail to 
induce a movement of oil unattainable under quiet conditions. 

It appears certain that isolated volumes of water trap and 
retain bodies of oil under pressure under certain condition.s, and 
that the expulsion of the oil when relief is afforded by drilling is 
followed by an invasion of the water which caused its isolation 
and accumulation. 

That the development of an oil-fielcl might cause a certain 
redistribution of oil is an obvious deduction. Baku producers 
as.sert that such occurred in parts of the Russian oil-fields, areas 
originally unproductive yielding oil at a later period. The same 
is reported from the Appalachian oil-fields where the relief of gas 
under great jiressurc has been followed In- admission of oil. 

The beneficial inllucncc of admitted water to oil strata in 
areas approaching e.xliaustion is discussed at some length by 
Huntle\',* in a publication of the Bureau of Mines. Attempts to 
flood oil-bearing strata, with a view to concentrating oil, have 
met with indifferent success in I’ennsylvania, mainly on account of 
insufficient data being available bearing m underground conditions, 
thereby rendering predictions uncertain. On monoclinal dips, 
water admitted at strategic points '.ill traverdown the dip and 
carry oil in its path to puinjiing wells, but in regions of low dips, 
variations of porosity and partial vacuum applied to wells may 
cau.se fluids to travel laterally or up the clip. It is agreed that 
admitted water could i.solatc and concentrate bodies of oil under 
some conditions, causing certain groups of wells in the affected 
area to give high yields for a time. 

Conflicting intcrest.s with rlivergciit opinion.s have proved an 
obstacle to the testing of large areas in this way under scientific 
direction. That the subject warrants inve.stigation is obvious, 
and good re.sults can be confidently predicted in certain areas 
where comparative regularity of sands in lhickne.ss, te.xture, and 
dip minimises uncertainties to a negligible quantity. 

Exhaustion of oil can be traced and followed in certain 
Unfaulted monoclines, where sand lenticles display fair regularity, 

' “Decline of Oil Wells,” L. C. Huntley, Bureau of Mines,^Washington, 

>913- • 
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and there is little water. Gravity alone is the determining 
factor when once the gas pressure has been exhausted, and the 
levels of oil in wells high up on the dip dimini.sh, till at length the 
.sands arc dry, and tho.se lower on the dip continue to yield 
good productions. The progress of e.xhaustion down the dip 
could be well traced in tlie main sand of the Maikop oil-field, 
the richest eruptive area becoming quite barren within two 
years, following active development. 

The important jrart played by water in oil-field develop¬ 
ment cannot he over-e.stimated, and the high water contamination 
in so many of the greatest flowing wells is more than a mere 
coincidence. The quantity of water usually ap|)cars in increasing 
quantities, and it may play to some extent the part that gas played 
in the earlier period of the eruption. In Rinssia, California, Galicia, 
Roumania, Te.xas, Oklahoma, and Egypt, large flowing wells 
have e.xhibited this feature of increasing water contents. , 

A phenomenon known to drillers is that i>f a well “drilling' 
itself in.” The casing of a well, if left unsupported at ti'.e surface, 
and lodged on soft strata, sometimes sinks deeper into the sands 
or strata, as the base is eroded by inrushing oil and gas beneath 
the shoe. .A lower stratum of the oil bed or a deeper 
unsuspected source has sometimes been tapped in this way,” 
considerably augmenting the yield. One well ol exceptional 
productivity, under the author's direction in the Eaku oil-fields,- 
Was found to owe its value to the casing slipping to a deeper 
oil sand, the fact only becoming known when the well was 
eventually taken in hand for repairs. 

Area Influenced by Producing Wells and their Spacing.— 
The most economical development of oil-fields is ensured by 
such a spacing of the wells, that, whilst no two wells affect 
each other, the intervening area is commercially exhau.sted of 
its contents within a reasonable peniod, without leaving un- 
Jrained patches. This ideal can never be achieved in practice, 
but it is the object of .scientific operators to a.scertain by trial 
and application of divulged data the most economical distribu- 
don of wells over an area, Obviously, calculations of this nature 
ire much simpler where single or several well-defined strata -of 
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persistence cover considerable areas with slight variations of level 
and little faulting. In the sharp fle.Kured, crushed, and faulted 
strata of Tertiary oil-fields such calculations often have little or 
no value, as keen competition for holdings in rich fields of 
.strictly restricted lateral width has led to .so much subdivision 
into small areas, that competition, and competition alone, dietates 
the policy of jiroducers. 

Before discussing the problem, it wonkl he well to make a 
few hypothetical calculations to form an idea of the I'ock volume 
involved in the )'icld of oil to wells of \-arious caijacilies. Consider 
first the great flowing wells which have yielded, sa), 500,000 
tons of oil. At 42 cub. ft. to the ton this volume of oil is 
equal to 21,000,000 cuh. ft,, and if we assume a pore capacity 
of 20 per cent. h\' volume of the sand, this is equal to 
the exhaustion of 105,000,000 cub. ft. of sand, e(]ual to 
105,000,000 


43.560 


= 2,400 ft.-acre.s. If to the oil sand is a.ssigned 


an average thickness of 100 ft., this is equivalent to the 

exhaustion of = -4 acres of horizontally dispo.scd strata. 

1 00 

The e.xtcnt of lateral influence naturally varies with the dip of 
the strata, although it rvould he perliaps presumptuous to con¬ 
sider this us a geometrical function of the angle of dip. The 
main point, liow-ever, at issue is the immense volume of sand 
that must come under the inilnence of a great guslier, unless the 
oil is contained in strata of much greater piorosity than is usually 
supposed, or lies .secreted in unfilled fault planes. 

In the above calculations no allowance has been made for 
the gas, which practically ahva\s accompanies the oil. If the‘ 
moderate volume of 500 cuh, ft. of uncondensahle gas per ton 
(66.6 cub. ft. per barrel) of oil is allowed,’ and the depth of 
the well is assumed to he 1,500 ft., and earth temperature as 27* F. 
higher than atmo.spheric temperature, an additional volume must 
be added [)cr ton of oil ejected, which, taking a gas pressure 


* This voUiiiie is b.ased on .i laige luimln’r of direct nieiisuremciits of gas 
from average wells, and would piob.ibly be a fair .ip})ro\iinalion for^many fields 
with a settled production. • 
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at 645 lbs. per square inch as the hydrostatic head for the depths 
named, would amount to approximately 1 2 cub. ft. 

In the early stage,s of development the above figures would 
be far exceeded, and somctime.s the volume of permanent gas, or 
gas dissolved in the oil, would far exceed the volume of oil flow. 

It will thus be .seen that approximately 12 cub. ft. per ton 
of oil may be added for volume of gas, or .say for convenience 
25 per cent, of the volume of oil under the condition.s specified. 

In this connection it is interesting to note that a 40,000,000 
cub. ft. gas well, such as those struck in parts of the Texan, 
Louisiana, and Oklahoma oil-fields, if taken at a pressure of fifty 
atmospheres (735 lbs. per square inch), is equivalent in volume 
to a daily yield of about 17,000 tons of oil if allowance is made 
for proportion of liquefiable products. 

Applying these hypothetical deductions to a U'pical well of 
5,000 tons ultimate capacity in the nearly horizontal, little flexured 
fields of, .say, Oklahoma or Kansas, where the average thickness 
of productive sand is 20 ft., the depth 1,500 ft., and the pro¬ 
portion of extractable oil is 10 \)cr cent., the following is arrived 
at. The above output has a volume of about 2 10,000 cub. ft., 
equal to the contents of 2,210,000 cub. ft., or say 4S ft.-acres, 

48 

and consequently equal to the drainage r 1 ^ = -.4 acres. Add 


to this above 25 per cent, for contained gas. and the area 
becomes 3 acres. 

Examine for a moment the out[)ut of one or two selected 
properties. Plot XIX., Bibi-Eibat, Russia, with an area of 27 
acre.s, has furnished about 9,000,000 tons of oil, equal to a 
volume of 378,000,000 cub. ft., or 14,000,000 cub. ft. per 
acre. This represents, with the addition of i o per cent, for 
uncondensable gas and no allowance for losses, a volume of 
oil that would cover the property to a depth of 402 ft., and if 
a 20 per cent, capacity is assigned to th'e oil sands a thickness 
of 2,010 ft. is reached, obviously absurd where the main horizons 
are confined to a vertical thickness of some 2,000 ft. Oil is 
evidently drawn from a large radius, and the example is 
instructive in illustrating the extent to which well-located and 
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energetically developed properties can attract oil from surround¬ 
ing territory. 

Grosny affords an example of excessive enrichment in a 
less rich oil-field. The Akhverdoff property, still one of the 
best producers in the field, has yielded 42,000 tons of oil per 
acre, equal to a 40.5 ft.-acrc volume. Assuming in this field 
an average 10 per cent, recoverable saturation, this would corre¬ 
spond to the contents with gas of about 500 ft. of strata ; a very 
excessive figure for the field, and clear proof of lateral travel. 

In some of the richest districts of the Baku oil-fields as 
much as 20,000 tons of sand per acre have been ejected with 
the oil from wells. 

The above calculations serve to prove how illusory pro¬ 
phecies of prospective yields may prove in the Tertiary flexured 
type of oil-field, also the fair approximation possible in certain 
less disturbed areas. The area influenced by a productive 
well is often considerable. One well may flow unaided .so 
long as another does not, but on the second developing a 
natural flow the first ceases. An iniiux of water in one well 
will often be transmitted within twenty-four hours to a whole .series 
of wells. Cessation of pumping in one well leads to improved 
yield of another, and at times certain wells may be pumped 
for water alone, suspension of such pumping leading to the 
flooding or reduction of yield of other wells in the vicinity. 
Cement fluid used for e.xcluding water has been traced far 
away in wells bailing from depths near that horizon. Occa¬ 
sionally in rich ground the activity of one well will excite others 
near by, causing them to flow also. Almost every oil-field 
attendant can recall numerous ca.ses proving the sympathy of 
wells. 

Where individual plots are of limited extent and surrounded 
or bounded by active competing neighbours, it is u.sual to drill 
hastily a large number of wells along the boundaries without any 
regard to economy. Custom and mutual goodwill, in some 
fields of medium richness, have reduced the evils of such com- 
jjetition, but generally in the rich fields the greatest efforts are 
made by conflicting interests to,drill along boundaries, \he earlier 
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wells securing more than their due share if oil is distributed fairly 
equally in a radius round the well. 

Spirited rivalry between neighbouring producers always con¬ 
duces to wasteful development, and in such fields as Spindle 
Top, Texas, Bushtenari and Moreni in Roumania, Bor}-slav in 
Galicia, Yenang\'aung in Burma, and the Baku oil-fields of 
Russia, where the land has been divided into small blocks, 
hundreds of thousands of pounds have been deliberately wasted 
in sinking dozens of wells in close proximity to each other, 
where the same (]uantit\’ of oil could have been extracted from 
perhaps one-tenth of their number. The following pertinent 
paragra])h refers to the operations of Spindle Top ’ 

“The conditions should have suggested to those concerned 
in the development that a feu wells properly distributed would 
have drained the pool as effectively as the large number which 
have been drilled." 

In oil-fields where areas are generallr' developed in blocks of 
hundreds of acres or square miles, iheu- is no fear of the attacks 
of neighbours, and wells are usuall\' spaced so .is to give each 
well an area of from i-io acres. .A spacing of 4-5 acres per 
well is a very common practice in oil fields w'-.cre the di]) of the 
beds is small. Gas wells are much more widely si aced, as the 
natural pressure is often reciuired to expel the gas to points of 
con.sumption. One well per 640 acres is a reasonable distribution 
in a country of flat-lying strata. Five wells per acre are not un¬ 
common in the Baku and Roumanian oil-fields, but there is some 
justification for close spacing in the ver\’ rich fields, and especially 
in the sharp-flexured fields where exce.ssive concentration has 
occurred along a narrow strip, and a whole succession of oil sands 
or faulted zones jrrovide storage for accumulation. 

The direct volumetric equivalent of spacing on horizontal or 
slightly inclined strata could be obtained by horizontal projection 
of inclined beds ; but such would bear no comparable relationship, 
as highly inclined beds would greatly facilitate upward movements 
of gas and oil. There might also be area.s on a portion of any 

* “Oil-Fields of the Te\as-Louisian;i^Gulf Coastal Plain,” by C. M. ffayes 
and W. Kennedy. United .States Geological Survey, Uulletin 213, 1903. , 
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circumscribed circle requiring to be eliminated through extending 
beyond the area of enrichment. 

The most effective distribution of wells to ensure equal 
drainage, so far as that is possible under oil-field conditions, is to 
locate the wells equidi.stant, ?>., in equilateral triangles. Circles 
drawn round the three apices then give a minimum of overlap, 
or alternative!)' leave the minimum of area outside a radius 
equal to half the length of one of the sides of the triangle. 
Locations on steeph' inclined flanks of anticlines or monoclines 
are sometimes spaced so that those down the dip arc nearer than 
those along tlie strike, but in all cases wells on a second line 
along the strike are spaced to be between those on the first line. 

Offsetting has become a recognised practice in American 
oil-fields where acquired customs often supplant law. Notwith¬ 
standing the absence of obligation to drill and even the provision 
for payments as compensation for delay in drilling, there is an 
implied covenant to drill offset wells if a productive well is 
drilled near the boundarv on a neighbouring plot. It is claimed 
that failure to drill within a reasonable time seriously impoverishes 
the undcvcloired land, and the owner is therefore entitled to 
relief. 

Mutual goodwill and sound common sense have gradually 
established a custom in .America of not drilling nearer than a fixed 
distance, often between 150 ft, and 300 ft. from the boundary 
of the propert)'; cunsequentl)’, a minimum of 300-600 ft. 
between rvells is obtained, and this serves to avoid the wasteful 
competitive drilling that so often characterises the development 
of Luropean oil-fields. As each well is drilled along the 
boundary of one property an offset is demanded and drilled in 
on the adjoining propert)' to maintain a balance. The author 
has himself initiated and put into practice elsewhere this reciprocal 
arrangement without any recourse to law ; and the custom is well 
worth cultivating in many fields where competitive drilling is 
now in vogue. 

Yield and Life of Oil Wells. —Life and production of oil 
wells only occasionally bear a direct relationship to each other, 
and to the degree of e.\hausti()/i of the beds to which die wells are 
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?unk. Damage sustained by the casing lining the well, infiltration 
imperfectly excluded water, accumulation of impervious sediment, 
3r precipitation of wax may partially or entirely exclude the 
idmission of oil from beds very far from exhaustion. The 
majority of wells in most oil-fields are abandoned through defects 
iuch as those enumerated, and not in con.sequence of exhaustion. 
There is furthermore the commercial aspect, an increase or 
Jiminution of the price of oil assigning to a certain production 
r remunerative or unremunerative value. Groups of abandoned 
.veils often acquire considerable value, and become the centre 
if renewed activit)- with a rise of prices. 

In all oil-fields there are certain foitunate wells that have 
jscaped or resisted all the troubles suffered b)- most oil wells at 
:ome period of their life, and thc_\' continue to yield for twenty 
ir more years, though on a diminishing scale. Two wells of 
iVe.st Virginia were recorded in 1904’ as having been pumped, 
or forty-three years, and were still giring one to two barrels 
laily ; and others in the Appalachian fields have been pumped 
vithout interruption for over thirty rears. The Gantz well 
if Washington Co., Pa., was finally abandoned in 1911, after 
Gelding since 18S‘5, declining graduall)’in production from 55 
larrels to one-fourth of a barrel daily ; and at the same date the 
Triangle well of Allegan)’ Co., New York, completed in 1879, 
,vas still )’ielding at the rate of one-eighth of c barrel daily, 
Dumped twice weekl)c“ 

Appalachian wells in 1907 were officially assigned an 
iverage life of seven years, Texan wells four years, and those of 
Dalifomia six years.'’ 

Man)’ wells in the Russian oil-fields of Baku have given 
■emundrativc yields for from ten to twenty yeans. Certain wells in 
Peru have been pumped uninterruptedly for fifteen years, and 
R.oumania and Galicia afford numei'ous similar examples of 
Drolonged life of isolated wells amid.st others less fortunate. 

There is in almost every oil-field sufficient uncertainty in the 

' “West Virginia Geological Memoirs, 1904.” 

“ “ Oil Resources of U..S.A., 1911.” 

1 “ Petroleum Resources rf U.S.A.,” 1909. 
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results of drilling to inspire a speculative interest surpassed 
by few industries, not excluding metal mining. Amidst what 
might be called bread-and-butter wells there are always surprises 
which represent a fortune of no mean magnitude to the fortunate 
proprietor. The rea.sons for these are discussed elsewhere, but it 
is inadvisable to rely upon such exceptional events in jjractice, 
and all calculations should be ba.scd on average j’ields of normal 
wells. Still, the incentive is luU without its reward, as it has been 
the cause of persistent and eventually successful efforts to extend 
areas and search for unknown deep .sources that would otherwise 
have remained undi.sclosed. 

One single gu.sher will often recoup man)' times over losses 
occasioned h)- years of fiuitlcss or profitless drilling. Although a 
welcome advent, it is bad policy to work only for gushers, and in 
.search of them to neglect the prolific sources which arc the mainstay 
of all successful oil enterjrrise.s. 

Carefully compiled statistics of the yield of oil-fields at 
successive intervals during Ihcir development afford a mass of 
instructive information that will rev ard study. The steady 
diminution in proportion of flowing oil to that artificially ab.stracted, 
and the interesting and varying curves of average production per 
well obtained bv' plotting, indicate the extent and speed of 
exhaustion, and enable cautious operators to long fore.see events 
that those less observant have missed. 

Tig. I 5 shows diagrammaticall)' the monthl)' yields of a 
group of w'ells in the .Saboontchy oil-field of Baku, Russia. 

Selected wells in man)’ fields have given prodigious quantities 
of oil both a.s initial )'ield and in the aggregate. Quite a 
number in the Saboontch)'-Romany and Bibi-lvibat oil-fields of 
Ru.ssia have given consistent daily yields of 10,000-16,000 
tons (75,000-120,000 barrels) for days and weeks, and totals 
of from 200,000-1,000,000 tons (1,500,000-7,500,000 barrels) 
within a year or two. • J'iquall)' prolific wells have been struck in 
the Mexican oil-fields ; one well at Dos Ifoca.s, south of Tampico, 
was estimated to have given 840,000 tons (over 5,000,000 
barrels) within two months. Wells that have )'iclded 3,000,000 
tons (21,000,000 barrels) have been reported from Msxico. 
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One classical well in Bibi-Eibat (Plot XIX.) gave nearly 500,000 
tons (3,750,000 barrels) in thirty days by an uninterrupted flow, 
and in 1912-13 a well at Moreni gave 400,000 tons (3,000,000 
barrels) in seventeen months. At Jennings Pool, Louisiana,' in 
1904 a well, which was described as the largest producer ever struck 
in America, gave 170,000 tons (1,275,000 barrels) of oil in four 
months, an average of nearly 1,500 tons daily. Wells in Texas, 
California, and Roumania have given initial daily )-ields of 8,000- 
10,000 tons (60,000-75,000 barrels) of oil. A well in the 
Campina oil-field of Roumania " ejected 14,000 tons (105,000 
barrels) of oil and 150,000 tons of sand within thirty hours, and 
in both Roumania and Galicia there arc many wells that have 
standing to their credit productions of 50,000-100,000 tons 
(375,000-750,000 barrels). The original well in Maikop, South 
Russia, flowed uncontrolled 50,000 tons (375,000 barrels), and 
this yield was exceeded by another well in 19 ^ 5 - Reference is 
made on p. 26 to a 3,000,000-harrel well in Roumania. 

Isolated wells described above bear, however, no relationship 
to the average production of wells in the fields in which they 
appear. They are due to the occasional coincidence of a number 
of strictly local co'nditions, lithological anrl structural, that are 
rarely repeated, and they usually deplete the immediate vicinity 
iufificiently of gas to prevent their duplication. 

The average total production of oil wells during their lifetime 
varies greatly in different oil-fields and at different periods of 
development of the oil-field. -About the year 1892 when there 
were 448 productive wells in the Baku oil-fields, the average 
ultimate production per well in the best parts of the fields was 
not less than 90,000 tons (675,000 barrels), but in 1912 this 
riad fallen to about one-third, and the average still decreases. 
In 1895 the average annual yield of all wells in the Baku 
3il-fields exceeded 10,000 tons (75,060 barrels), but in 1909 
:he average had fallen to 4,000 tons (30,000 barrels), although 
:he wells in the latter year averaged 60 per cent, deeper 
chan the former year. 

' See “ Petroleum Resources, U.S.A., 1904.” 

- Well No. 65, Steaua Homana Company. 
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At the most prolific period of the career of the Boryslav- 
ustanowice oil-field of Galicia, the average lifetime production of 
ells in the best part of the field was estimated at 37,000 tons 
177,000 barrels), the period of natural flow being often quite 
ing. Normal Tertiary oil-fields with loose sands usually yield 
om 5,000-10,000 tons (37,500-75,000 barrels) per well, 
ut in some of the more compact sands in less flexured regions 
le yield per well may be as low as 1,000-2,000 tons 
^500-15,000 barrels). In parts of the Appalachian and 
Iklahoma oil-fiekls, where the redeeming feature lies in easy and 
heap drilling, ultimate productions of 500-1,000 tons (3,750- 
,500 barrels) per well are usual. Spindle lop wells, during 
ae four best years of their progress, gave an average of 3,800 
3ns (about 24,000 barrels '). During the development of the 
est horizons of the Yenangyaung oil-fields of Burma average 
Itimate yields of from 12,000-15,000 tons (91,000-112,000 
larrels) were obtained. 

Under certain favourable circumstances, both as regards 
luality of oil and facilities of marketing, it is surprising w'hat small 
’ields of oil permit of profits, and even encourage development. 
.Veils in Ohio, Indiana, Pennsylvania, and West Virginia do 
lot yield more than from 2-6 tons (i5-45 barrels) monthly 
ifter a brief higher initial yield, and there are extensive 
groups of wells averaging 3,000 ft. in depth, that give only half 
i barrel (,\ ton) daily. The persistence of oil wells is well 
llu.strated in New York State, wdierc in 1911 there were groups 
3f twenty wells pumping less than .025 barrel per well per 
Jiem without loss, if unattended by gain." 

Wells yielding only 3 tons (22.5 barrels) monthly are 
being regularly pumped in the Ontario oil-field of Canada. 
Even in California there are certain oil-fields where the low 
grade asphaltic oils are remuneratively e.xtracted when the 
production per w-ell ' has fallen as low as 1-3 tons (7-21 
barrels) daily. 


> In the conversion of tons to barrels or vice versa, for convenience, ordinary 
light oils have been assumed as equal to 7.5 barrels per ton,^heavy oils as 

7 barrels per ton. , „ * 

“Petroleum Resources, U.S.A., 1911. 
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Oil wells usually give a flush production in their very early 
life, often not less than 50 per cent, of their ultimate yields 
spread over many years. The production curves on the various 
charts in Chapter XIII. illustrate this feature clearly; the relative 
areas enclosed by the curve and the base line indicating com¬ 
parative yields;. Production curves gradually flatten with age 
until they assume nearly straight lines, but in the initial period 
they show prominent peaks if oil is derived from loose sands 
like Russia, Roumania, and California, or from porous dolomites. 
As an oil-field develops the curves flatten more quickly, until 
the initial peaks quite disappear. Ratio of flush to settled pro¬ 
duction depends upon the nature and porosity of the sands, 
the extent of development of the field, vi.scosity of oil, and 
quantity of gas, and since these are variables the ratio con.se- 
quently varies with the age of the field. Until gas pre.ssure.s 
diminish, at least 50 per cent, of the ultimate production ia, 
obtained within the first year of e.xploitation, and where oil is 
only obtained by firing heavy charges, the first month’s produc¬ 
tion may represent a considerable proportion of the ultimate. 
Californian records collected by the Bureau of Mines indicate 
a very little fall after the early flush yields. Midway wells, in 
1913, had indicated a daily fall in average yield of i barrel, and 
Sunset 1.7 barrels. Between 1903 and iyo6 the average daily 
output of Kern River wells, computed from the yearly yield, 
fell 12 barrels, and between 1907 and 1913 the daily average 
fell another 3.8 barrels. Coahnga wells had, in 1914, been 
estimated to show an average decline of .52 barrel a month, or 
6.0 barrels a year.’ Such rates, although a dimini.shing factor, 
soon reduce the wells to unprofitable units unless there is a com¬ 
pensating rise in the price of oil, or cheaper means of extraction 
are practised. 

The advisers of the United States Geological Survey computed 
the average daily productions of American wells in 1907 to 
be approximately as follows :—^ 

’ “The Petroleum Industry of California,” Bulletin 69, California State 
Mining Bureau. 

* “ Petroleflm Resources of United Staffs, 190Q,” by Dr D. Day. 
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Mechanical improvements in the methods of drilling oil 
wells and extracting petroleum are yearly enabling lower and 
lower grade properties to be profitably operated. So pronounced-, 
is this progress, that lands of little value a few years ago are 
acquiring considerable importance and realising high prices. 

Production and Life of Oil-Fields—Exhaustion, in oil-field 
phraseology, is a relative term only, and implies that the oil beds 
have been so far depleted that petroleum can no longer be 
extracted at a profit at the momv. nt. An increased market value, 
a new invention, an improved system of drilling or extraction 
often invites renewed activity to abandoned areas, and leads 
to the recovery of thousands of tons of T)il from so-called 
exhausted areas, much in the same v/ay as modern mechanical 
or chemical methods enable abandoned mines to be reppened, 
or rejected “ dumps ” to be re-treated at a profit. > 

Supplies of petroleum in most oil-fields are derived from 
a succession of sands separated by unproductive strata, and in 
some cases the lower productive .seams cannot be reached, except 
perhaps over a limited area, with the appliances in use, or at 
a cost that renders operations profitable. 

Had the price of oil in Russia remained at the figure ol 
7s. 6d. per ton (24 cents per barrel), that it was in 1901-3: 
the great Baku oil-fields’would long ago have been abandoned 
and the deep sources left untouched. The old Appalachiar 
oil-fields which have so long remained nearly derelict were ir 
1913-14 the centres of considerable activity, owing to the prio 
of Pennsylvanian grade oil rising in value from 30s. to 75s 
per ton ($i to $2! per barrel).^ 
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Many promising oil-fields have been rendered valueless by 
water, either admitted to the oil-bearing strata by injudicious 
drilling, by land disturbances following the extraction of large 
volumes of petroleum, or its occurrence amidst oil beds. Such 
eventualities cannot be foreseen, and bring to a sudden and 
inglorious end the hopes and ambitions, and perhaps careers, 
of many enterprising operators worthy of better fortune. 

Production and life of oil-fields bear only a remote relation¬ 
ship to one another. The two act in inverse or contrary 
directions, for operators .seek to obtain the maximum production 
of oil, whilst at the same time securing as much reserre territory 
as possible to extend the life of o|)erations. Individual holdings 
of large areas promote economical dcvelo))ment and long life. 
Small ownership leads to wasteful development and short life. 
Cheap drilling inspires a degree of activity that funds never admit 
of in expensive drilling territor_\-. The latter prolongs the life 
of an oil-field, hut reduces the rate of producticjii ; the former 
has the opposite effect of diminishing the life of the field and 
increasing the rate of output. 

If unmercenary motives actuated operators, and they were un¬ 
influenced b)' prices.of oil, or were in possession of sufficiently large 
areas to disregard the operations of neighbours on their boundaries, 
endeavours would be made to locate wells so that the whole imder- 
lying oil strata would be commercially exhausted with the minimum 
number of wells, and con.sequently the least capital outlay. 

The proper measure of the p'-oductive capacih- of oil-fields 
is, the .total volume per unit of area the beds are ca])able of 
yielding,- The difficulty of estimating this will be appreciated 
after reading the irreceding pages, where the various factors 
influencing the rate of production are described. 

.There is, on the part of some geologists, a disposition to 
estimate the oil contents of sands in • much the same way as 
coal seams or ore bodies, but all such - calculations must be 
accepted with reserve. In new fields only imperfect informa¬ 
tion’ is .available upon which to ba.se conclusions, and in all 
^rcumstances a degree of saturation must be assumed from 
limited parades of material raised from the wells, and a fiomirial 
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volume must be allowed for unextractable oil. Lenticularity of 
oil sands is a feature itself often imposing strict limitations to 
volumetric calculations, but irregular impregnation due to variable 
grades of sand, and partial or • entire cementation of portions 
by carbonate of lime, silica, or other material, introduces un* 
certainties in most fields, nullifying the value of such estimations. 

Other causes which modify estimations of oil contents are 
found in the location of the area with regard to degree of declivity 
and direction of dip. Initial wells near the crest of an anticline, 
where there has been concentration either of gas or oil, yield 
results that make all calculations appear ab.surd. Some such 
localities give only gas, others astounding (|uantities of oil. In 
many cases active development at low points on the dip of 
inclined strata causes so complete e.-^haustion of the .sands at 
more elevated points that the latter yield mcreU' a small per¬ 
centage of the oil their position would liave entitled them to 
under other circumstances. 

Quite apart from geological .oatures, which detract from the 
value of such figures, there is tlie questirn of the relative develop¬ 
ment activity on adjoining or surrounding leases. Impecunious, 
unskilled, nr unenterprising leaseholders may,have their lands 
largely drained by rich, skilful, and active neighbours. 

Even approximate c.stimates of the oil contents of well-known 
oil-fields are difificult to prepare, as few famous fields have been ex¬ 
hausted or abandoned except through some catastrophe. Exten¬ 
sions of existing areas and penetration of deeper sources constantly 
modify calculation.s, nevertheless useful figures have been collected 
which aid one in forming rough approximations of capacity. 

Selecterl parts of Pennsylvania have been estimated by State 
geologists to yield about 200 tons (i,Soo barreks) of oil per 
acre, and the State geologist of West Virginia considered the 
oil beds of the State to be capable of giving a maximum of 
650 tons (4,900 barrels) per acre.^ In reviewing the subject 
in ' f909,“ it \tias estimated that the average yield on ’ the 
Pennsylvanian oil-fields would not exceed 100 tons (750 barrels) 

■ “West Virginian Geological .Survey,” Vol. I,, 1904. 

“Pettpleuni Resources of the United States, 1909,” by Dr Danid Day. 
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per acre, and over the whole Appalachian oil-fields would nol 
exceed 135 tons (1,000 barrels) per acre. In Illinois, where th< 
“ pay streaks ” average 2 5 ft. in thickness, the oil-fields ar< 
thought to be capable of producing an average of 1,000 ton: 
(7,500 barrels) per acre, 3.8 per cent, by volume. 

The Canadian oil-fields have been computed to have yieldec 
about 50 ton.s (375 barrels) per acre, but the once famou; 
Bushtenari field of Roumania was e.stimated in 1905 to fcx 
capable of yielding 9,000 tons (67,500 barrels) per acre, althougl 
the best parts may eventually yield nearly double this quantity. 

Spindle Toj), the first renowned oil-field of Texas, with : 
proved area of about 200 acres, gave in four years, from January 
1901, 4,650,000 tons of petroleum, or about 23,250 ton 
(160,000 barrels) per acre, after which it was so far e.xhauster 
or flooded that only 95 producing wells remained 011 
of the 1,200 drilled, yielding collectively 800 tons (sa)’ 6,00( 
barrels) a year." .Subseejuent develo|)mcnt in a more caution 
manner checked the ebbing output, which in 1907 reachet 
226,000 tons (1,500,000 barrels). 

The Baku oil-fields of Ru.ssia supply the mo.st startlin| 
figures of capacit3\ A single plot of 27 acres in Bibi-Kibat (Plo 
XIX. of The Russian Petroleum ('ompaii)-, Ltd ) has produced i: 
thirty-six years over 8,000,000 tons (60,000,000 birrels) of o 
from about si.\t>’ wells, or 295,000 tons (2,200,000 barrels) pe 
acre, and in 1914 still yielded 63,000 tons (470,000 barrels 
This, of cour.se, is no criterion of the general richness of th 
field, and only illustrates features explained on pp. 148-49, but i 
proves the wonderful capacity of oil land under certain circura 
Stances. The oil e.xtracted would fill a reservoir equal in are 
to that of the property to a depth of 270 ft. The Bibi-Eiba 
oil-field, with an approximate area of 250 acres, has produce 
160,000 ton.s (1,200,000 barrels) of oil per acre, and in 1914 a 
output of 1,030,000 ton.s (7,700,000 barrels) was recorded. 

From the Balakhany-Saboontchy-Romany field of Baki 
with an area of about 2,500 acres, excluding Surakhany, whk 

’ “ L’Exploitation du Petrole Kouniain,” I. Tanasescu and \'. Tacit. 

* “Production of Petroleum, 1914," by K. H. Olipbant, United Stat 
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extends to the south-east, has been obtained i 50,000,000 tons 
(ill 25,000,000 barrels) of oil; in round figures, 60,000 tons 
(450,000 barrels) per acre. In 1914 this area yielded 
3,880,000 tons (29,000,000 barrels) of oil. The oil withdrawn 
from this rich field would fill a receptacle equal in area to that 
of the field to a depth of 57 ft, 

Roumania furnishes examples of extremely rich oil-fields. 
An area of about 130 acres at Moreni has in ten years given 
4,000,600 tons (30,000,000 barrels) of oil, <;]• 30,000 tons 
(225,000 barrels) per acre. In 1913 the total output was 
981,900 tons (7,350,000 barrels), or 7,000 tons (52,500 barrels) 
per acre. Galicia supplies one examjfie of fame—the Boryslav- 
Tustanowice oil-field—where i 2,000,000 tons (90,000,000 barrels) 
of oil have been ab.straclcd from about 1,500 acres, or 8,000 tons 
(60,000 barrels; per acre. 897,000 tons (6,730,000 barrels) of 
oil were raised from this field in 1913, indicating its remoteness 
from exhaustion. 

A single sand in the .Maikop ,il-field of Ru.s.sia had produced 
11,000 tons (82,500 barrels; per acre, about 314 tons (2,355 
barrels) jrer acre-fi)ot, or 30.4 per cent, by volume on the irregular 
area over which it has been located by drilling,•and was in 1913 
still producing 80,000 tons (600,000 barrels) per annum. Average 
Peruvian oil-fields appear to have a capacit)' of from l,000- 
3,000 tons (7,500-23,500 barrels) per acre, but areas of increased 
enrichment have been struck. 

Mr 1 . Stieezhoff in 1910 placed the yield of Grosny (Russia) 
oil properties at 3,500,000 poods per dessiatine, or 21,000 tons 
(l57iOOO barrels) per acre, and stated that from the Akiiverdoff 
property 7,000,000 poods a dessiatine had been extracted, equal 
to 41,700 tons (310,000 barrels) per acre. The total capacity of 

I, 600 dessiatines (4,300 acre.s) at Grosny was estimated at 

II, 200,000,000 poods (I So,®oo,ooo tons = 1,350,000,000 barrels), 
equal to 40,000 tons (300,000 barrels) per acre. 

Oklahoma lands varj’ greatlj' in productivity, the yield probably 
lying between extremes of 200 and 2,000 tons (1,500 and 15,000 
barrels) per acre. The yield per acre-font of oil sand has probably 
been much greater in the deeper territory than in the shallow belts, 

II 
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Ten square miles, 6,400 acres, of proved territory in the Kern 
River oil-field of California have yielded 167400,000 barrels of 
oil, that is 26,000 barrels, or 3,714 tons per acre, through the 
medium of some 1,700 wells. As the oil sands average 325 ft. 
in thickness, this is equal to 80 barrels (11.4 tons) of oil per acre- 
foot, or 1 per cent, by volume ; the field continues to produce 
at a rate of 7,500,000 barrels (1,071,000 tons) per annum. 

McKittrick, California, provides another example of high 
enrichment, with a proved and restricted area of 896 acres, that 
yielded in twelve years 37,103,000 barrels of oil from 270 wells, 
equal to an output of 41,450 barrels (5,920 tons) per acre. Although 
drilled up to the extent of one well per 3.3 acres, the production 
in 1914 was maintained at about 4,000,000 barrels. 

The Coalinga oil-field of California, with an area of 22 sq. 
miles, had in 1913 only been developed to the extent of one well 
to about 14 acres, and the 1,000 or so wells are often concentrated 
in certain groups, nevertheless the yield had already reached 
138,444,000barrel.s, or 9,830 barrels (1,400 tons) per acre. Assuming 
the average thickness of sand to be 100 ft., this is equal to 98.3 
barrels (14.00 tons) per acre-foot, or 1.27 per cent, by volume. 
This field still produces 16,000,000 barrels (2,280,000 tons) 
annually. 

A common practice of computing recnver.able oil contents of 
»mds in California is to allow 10 per cent, of the cubic contents 
of the sands; this is equal to 780 barrels (say iio tons) per 
acre-foot of oil sand. 

Careful study of Fig. 17 will afford instruction, as in the 
curves are revealed all the main features that are reproduced in 
every oil-field. It represents diagrammatically the development 
of the Bibi-Eibat oil-field of Russia from its early career to the 
stage of approaching exhaustion, and shows very clearly the 
various stages when drilling effort sustained production, and when 
both deeper drilling and increased number of wells sunk failed 
to sustain production, and could not arrest the decline. In¬ 
consistencies are introduced by periods of labour troubles and 
political unrest, and price of oil has been reflected by accelerated 
or diminished drilling efforts at intervals. 
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Typical Logs of Wells 

Typical Well Log^s. —Attached are a few typical well logs 
from widely separated oil-fields 

Typical Logs of Wells from Various Oil-Fields. 
WeU^ Neosho County, Kansas, U.S.A. 


(Yield, 4 to 5 barrels of oil a day, 5-in. casing to 623 ft.) 



t)ept)) 
in I'ect. 


D»tb 
in Feet. 

Surface soil - - - . 

0*20 

Soft grey shale 

- 385-400 

Brown gravel (fresh water) - 

30-30 

Soft grey limestone 

400-420 

Hard grey limestone 

30-56 

Shale - 

- 420-428 

Sandstone - - - . 

56-61 

Hard grey limestone 

- 428-45S 

Hard grey limestone 

61-65 

Soft grey shale (limy) 

- 458-490 

Soft grey shale 

65-70 

Hard grey limestone 

- 490-513 

Hard grey limestone 

70-75 

Hard black shale (water, 40 

Soft grey sandstone 

75-80 

barrels per hour) 

- 513-52' 

Soft grey limestone 

80-115 

Hard grey limestone 

- 521-528 

Soft grey shale (limy) - 

115-125 

Soft grey shale (limy) 

- 528-715 

•Soft grey limestone (water at 


Soft grey shale (sandy, 

to]) of 

128 ft.) - - . . 

125-130 

sand show of oil) 

- 715-720 

Hard grey limestone 

130-142 

.‘■'eft grey sandstone and shale 720-728 

Soft grey shale 

142-320 

1 Sandstone (oil sand, 

22-ft. 

Soft light grey limestone 

3^0-335 

pay sand at bottom) 

■ 728-752 

Soft grey shale 

335-370 



Grey sandstone (salt water 
and gas ; bole filled up 200 

ft-)..170-385 


Well at Humble, Harris County, Texas, U.S.A. 

(Gas at 215, 508, 645, 670, and 700 ft. .Some oil and much gas between 
790 and 950 ft. Pay oil between 951 and 990 ft. Yield, too barrels 

first twenty-four hours. Diameter of well, 1 in. to 310 ft., 6 in. to 950 ft.) 


.HjPlb Dqjth 

in Ie«. i„ fe,,. 

Soft grey sand - - - ,30-40 ILard blue clay - - - 495-508 

Hard grey clay ■ - 40-60 Hard blue sand and clay - 508-572 

Hard bluish sand - - 60-215 Hard blue clay - - . 572-645 

Hard grey sand and clay - 215-310 Hard blue sand and clay 

Hard blue sand and clay - 310-400 in layers - - - - 645-710 

Loam grey sand - - 400-470 Hard blue shale - - 710-950 

Fine grey sand - - - 470-495 , Mixed rock and sand (limy)’- 950-990 
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Typical Well, Spindle Top, Texas, U.S.A. 

(Water flush drill.) 

Thlckntsi Iteirtli 1 ’l-hicVness Dfplh 



in Feet. 

in Feet. 

Yellow clay 

20 

0-20 

Quicksand - 

36 

20-56 

Blue clay - 

134 

56-190 

Quicksand - 

105 

190-295 

Coarse gra\ el 

20 

295-315 

Blue clay - 

10 

315-325 

Hard blue shale 

4 

325-329 

Blue clay - 


329-380 

Coarse gra\ cl 

17 

380-397 

Blue clay - 

13 

397-410 

Coarse gra\el 

18 

410-428 

Coarse sand twV/; get ■ 

37 

428-465 

Blue clay - 

Blue clay mixed with 

15 

465-480 

nodules 

'5 

480-495 

Quicksand 

12 

495-507 

Blue clay - 

1^3 

507-590 

White limestone 

lO 

jQO-CkXD 

Sulphur and oil sand - 

2 

600-603 

Blue sandstone - 

!<S 

602-620 

Hard white limestone - 


620-625 

Blue clay - 


625-632 

Soft sandstone 

11 

632-643 

Hard limestone - 

I 

643-644 

Blue clay - 

8 

644-652 

Soft sandstone - 

5 

652-657 


Blue clay 

111 r eei. 

23 

657-680 

Shell formation - 

37 

680-717 

White limestone - 

20 

7 > 7-737 

(irey clay - 

11 

737-748 

While limestone - 

1 

748-749 

Grey clay with shells - 

3 ‘ 

749-780 

Shells - - - 

7 

780-787 

Blue clay 

7 

787-794 

Grey clay - 

16 

794-810 

Shells - - - . 

2 

810-812 

Oil sand 

3 

812-815 

Blue clay 

5 

815-820 

Hard limestone - 

4 

820-824 

Black sand 

6 

824-830 

White limestone 

2 

830-832 

Soft dark shale - 

'3 

832-845 

Soft white limestone 

7 

845-8^2 

Soft dark shale • 

13 

852-865 

Blue sand rock - 

5 

865-870 

Quicksand - 

12 

870-882 

White limestone - 

3 

882-885 

Sand 'C’///i t'/'ca' 

- 12 

885-897 

Blue clay 

:o 

897-907 

Iron pyiites- 


,907-909 

Dark clay • 

3 

909-912 

Oi! sand 

18 

912-930 


Well in Salt Lake Oil-L'iclds, l.os Angeles. Calijornia, l.S.A. 

I'Cable tools.) 


'I'liitkiiess Depth 
ui Feel, in Feet. 


Clay - - - - 3 (> 3O 

Sand and gravel - - -4 1 ^° 

Heaving sand (lirst 
water cased off at 
no ft.) - - - 30 00 

Clayey shale - ■ 7 ° 

Sandy shale - - - 9 ° - 5 " 

Sandy shale (with salt 

water) - ■ - 12 ^02 

Clayey shale (2 ft. shell 

at 275 ft.)- - - '3 -75 

Clayey shale (no water) 85 3O0 

Clayey shple (4 ft. shell 
at 398 ft.) - - - 85 445 


■| 

riiji 

Depth 


in heel. 

ill Feet. 

Sandy shale 

41 

486 

Sticky sandy shale 

19 

505 

Coarse gravel and sandy 



shale 

21 

526 


I Sandy shale (4 ft. shell 

;jt 632 ft.)- - • 146 672 

Clayey shale (4 ft. shell 


: at 701 ft.) - - 29 701 

j Sandy shale (shell at 


785 ft.) ■ 

94 

795 

Sticky sandy shale 


800 

(second water shut off) 

5 

Sandy shale (consider¬ 



able water) 

118 

918 



Californian Log 165 


Thickness 

Depth. 1 

1 Thickne55 

I)»th 

in 

Feet. 

in Feet. 

in 

Feet. 

in Feet. 

Sandy shale 

64 

982 ' 

Shale and sandy shale 



Sandy shale (small 



(with oil) ■ 

28 

1,296 

streak of white sand 



Shale (much oil) - 

12 

1,308 

with water) 

40 

1,022 

Pulverised shale (1,310- 



Sandy shale (some 



1,315 h., light oil 



clayey shale anil 



beneath) - 

11 

1,319 

sand) 

^9 

1,051 

Shale (with oil) 

19 

',338 

Sandy shale {'iviih some 



drey shale (strong gas) 

4 

',342 

oil at 1,070 and 



Shale - - - - 

43 

1,386 

1,080 ft.) ■ 

49 

1,100 

Sandy shale (gas flow 



Shale (much gas and 



heavy ; well filled up 



oil entering) 

10 

r,i 10 

400 ft. with mud, 



Sand and shale (much 



w'ater, and oil) - 

5 

i,4io 

oil) - - - - 

22 


Light - coloured shale 



Shale (carrying oil j 

40 

M72 

(no mud, no oil) 

88 

1,498 

Shale and oil sand 



; Well filled with oil U> 



(much oil and gas) - 

53 

r,225 

100 ft. of surface 


1,510 

Broken shale (much oil) 

5 

1,230 : 

Well commenced flow¬ 



Shale and oil sand 


i 

ing ^ - 


1-5:4 

(much oil) 

2 CI 

1,250 

Oil sand (big flow of 



Shale (gas increasing; - 

iS 

1,268 

oil) . - . - 

43 

1,541 


Well in Coalinga Oil-h'ifld, Cat fornia, LJ.S.A. 


(Cable tools.) 

Thicltiirvs 

III Feet 

Depth 
in Feet. 

Yellow sand, gravel, and boulders - 

70 

0-70 

Yellow sandy rla\ - 

- 105 

70-175 

Water sand. 

30 

175-205 

Yellow clay - ■ 

:5 

205-230 

Water sand .... 

54 

230-284 

I!lue clay (i2i-in. casing in 286 ft.) 

11 

284-295 

Sand - - . - - . 

70 

295-365 

Blue clay - - 

59 

365-424 

Bine sandy clay - . . . . 

116 

424-540 

Blue clay. 

210 

540-750 

Blue sandy clay ... - 

45 

750-795 

Blue clay. 

17 

795-812 

Hard sand. 

- 38 

812-850 

Blue clay - .... 

3 f> 

850-886 

Sand (coarse) 

71 

886-957 

Blue clay - 

- :o3 

957-1,160 

Blue clay and sheli-s - - . - 

10 

1,160-1,170 

Blue clay - - - . . 

38 

1,170-1,208 

Shell. 

4 

1,208-1,212 

Sand.- - 

20 

1,212-1,232 

Blue clay. 

20 

1,232^-1,252 

Shell.- 

5 

1,252-1,257 
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Blue clay (lo-in. casing to 1,369 ft.) 


Thickness 
in Feet. 

- 217 

Depth 
in feet. 

1 , 257 - 1,474 

Shell 


10 

1,474-1,484 

Hard sulphur sand 

- 

4 T 

1,484-1,525 

Blue clay . . - 


20 

>,525-1,545 

Shell 


9 

i, 545->,554 

Sand and shell 


86 

1,554-1,640 

Blue sandy shale - - - - 


57 

1,640-1,697 

Shells (sea shells) (Taniiosoma zone) 


4 

1,697-1,701 

Blue sandy shale - - - - 


101 

1,701-1,802 

Shell (8|-in, casing cemented al 1,80; ft 

) 

I 

1,802-1,803 

Blue sandy shale - . - - 

- 

22 

1,803-1,825 

Oil sand (fair shore of oil and gas j - 


- 4S 

1,825-1,873 

Shell . 


7 

1,873-1,880 

Oil sand (fair show of oil and gas. - 


45 

1,880-1,925 

Blue shale ----- 


40 

i,925->,963 

Oil sand (good show) 


- 3S 

1,965-2,003 

Black shale (65-in. casing at 2 , 00 ) ft. 5 

w.) 

9 

2,003-2,012 

Typical Well Section, Baku 

Oil-hiclds of K/issia. 

1 Russian pole tool system.) 


Upper clay and sand 


Thit knes.s 
in Hect. 

35 

Depth 
in Feci. 

0-35 

Blue clay . 


:8 

35-63 

Sand and small stones 


11 

63-74 

Blue clay (36-in. casing to 88 ft.) 


I’C 

74-106 

Blue clay with iitclined stone - 


60 

196-256 

Yellow clay . 


10 

256-266 

Water sand with rock 


I.; 

266-280 

Grey clay - . 


49 

2S0-329 

Water sand with rock 


21 

329.350 

Grey sand . 


42 

350-392 

Water sand (34-in. casing to 406 ft.j 


14 

392-406 

Sandy clay - - - - 


33 

406-441 

Blue clay - - - 


29 

441-470 

Blue sandy clay . - - - 


14 

470-484 

Sand and rock 


-3 

484-507 

Clay with sandstone 


11 

507-518 

Clay and water sand 


3 

518-521 

Grey sand . 


52 

521-573 

Sandstone (inclined) 


9 

573-582 

Sand - - - - 

- 

2 

582-584 

Sandstone (inclined) 


29 

584-613 

Yellow clay . 


- 38 

613-651 

Grey sand and rock 

- 

47 

651-665 

Grey sand . 


47 

665-712 

Water sand ---- 


8 

712-720 

Water sand and lock 


41 

720-761 

Hard sandstone - • - 


to 

761-771 




Russian Well Logs 


ler 


Blue clay (30-in. casing to 782 ft.) - 

Thicknet-t 
in Feet. 

*3 

Depth 
in Feet. 

771-784 

Yellow clay. 

lOI 

784-885 

Gas sand. 

50 

885-935 

Grey water sand. 

10 

935-945 

Water sand and rock 

27 

945-972 

Grey sandy clay - - 

5 ' 

972-1,023 

Water sand and t^rey sand 

'3 

1,023-1,036 

Grey gas sand (28-111. casing to 1,050 ft.) 

28 

1,036-1,064 

Oil sand . 

7 

1,064-1,071 

Water sand (26-in. casing to 1,085 

51 

1,071-1,122 

Gas sand and blue clay - - - - 

51 

1,122-1,173 

Dry gas sand with some oil sand - 

45 

1,173-1,218 

Oil sand . 

'5 

1,218-1,233 

Blue sandy clay (oil) 

11 

1,233-1,244 

Dry gas sand -. 

6 

1,244-1,250 

Gas sand and oil sand 

- 48 

4 -j 

0 

00 

Blue clay (24-in. casing to 1,323 ft.) 

27 

1,298-1,325 

Water sand 

22 

J. 337 - 1,359 

Oil sand . 

14 

1 , 359 - 1,373 

Water sand 

25 

',373-1,398 

Sandy clay (gas; 

51 

1,398-1,449 

Grey sand . . - . 

37 

1,449-1,486 

Variegated clay. 

1 1 

1,486-1,497 

Grey sand - - - ■ 

8 

',497-1,505 

Water sand and rock . - - - 

16 

1,505-1,521 

Water sand - ’ ) 4^0 ft of 

( 7 

1,521-1,528 

Gas sand and blue clay - ^ oH 


1,528-1,549 

Gas sand and brown clay ; 

( 16 

',549-1,565 

Variegated clay (22-in. casing to 1,582 ft.) 

22 

1,565-1,587 

Blue clay . 

'5 

1,587-1,602 

Variegated clay 

29 

1,602-1,631 

Clayey oil sand . . . . . 

14 

1,631-1,645 

Sandy clay ... - - 

92 

1,645-1,737 

Oil sand (20-in. casing to 1,757 ft.) - 

25 

1,737-1,762 

Blue clay ... 

23 

1,762-1,785 

Blue marly clay ----- 

8 

1,785-1,793 

oil sand (i8-in. casing) . - . . 

27 


Cemented between 34-in. and 24-in. casings and between 18- 

in. and 24-in, 

exclude water. Production 100-150 tons daily. 

Typical Well in tne Grosny Oil-Field of Russia. 

(American cable system or Russian pole tool.) 

Thicknc^^ 
in Feel. 

Surface sand . 

Depth 
in Feet. 

O-IO 

Yellow clay . 

37 

10-47 

Grey clay (24-jn. pipe stopped at 50 ft.; - 

- 314 

47-361 

Limestone - - - - . ■ 

3 

3&1-364 
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(jrey clay - - - - 

Thickness 
in Feet. 

- 134 

Depth 
in Feet. 

364-498 

Dolomite (so-called—a hard stone 

2 

498-500 

Grey clay . - - . 

2 

500-502 

Grey clay and dolomite - 

10 

502-512 

Grey clay _ . . . 

6 

512-518 

Grey clay, dolomite stone, and water - - 12 

51S-530 

Grey gassy clay 

4 

530-534 

Brown clay and dolomite 

14 

534-548 

Brown clay - - - . 

10 

548-558 

Brown clay and dolomite 

12 

558-570 

Limestone - - - . 

2 

570-572 

Grey clay and dolomite - 

18 

572-590 

Brown clay . . - - 

4 

590-594 

Grey gassy clay, with exhausted oil sand - 3 

594 - 55)7 

Clay, with oil sand - 

11 

597-608 

Dark grey clay and oil ■•and - 

10 

608-618 

Brown clay and stone 

4 

618-622 

Dark grey clay 

12 

622-634 

Brown clay and sand 

14 

634-648 

Grey clay - - 

9 

648-657 

Green s.indy clay - 

12 

657 669 

Grey clay and sand 

11 

669-680 

Brown clay . - - - 

19 

6S0-699 

Grey sandy day (20-in. pipes 
706 ft.) - - - - 

stopped at 

11 

699-710 

Brown clay and santl 

10 

710-720 

Grey clay and sail'd 

10 

720-730 

Brown clay 

1.1 

7 jO-r 44 

Grey clay 

14 

744-758 

Green sandy clay - 

8 

758-766 

Green sandy clay, with calcite 

5 

766-771 

Oil sand - - - - - 

4 

771-775 

Green sandy clay - 

'3 

775-788 

Grey clay and calcite 

7 

788-795 

Dark grey sandy clay 

4 

795-799 

Grey sand 

9 

799-808 

Dark grey oil sandy clay 

5 

oe 

0 

CO 

CO 

Brown clay and sand 

3 ' 

813-844 

Grey clay and oil sand - 

16 

844-860 

Brown sandy clay - 

3 

860-863 

Clay and grey oil sand 

11 

863-874 

Brown sandy clay (i6-in. pipes 
885 ft.) - - - . 

stoppeJ at 

27 

874-901 

Grey clay and stone 

3 

901-904 

Grey clay and sand 

7 

904-911 

Brown clay 

3 

911-914 

Grey clay and stone 

6 

914-920 

(irey clay and oil sand 

30 

920-950 

Grey clay and stone 

- , - - 6 

950-956 
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Hrown clay and sand. 

Thickne.ss 
ill Feet. 

7 

Depth 
in Feet. 

956-963 

Grey clay and sand. 

'5 

963-978 

Brown gassy clay. 

3 

978-981 

Green clay and stone. 

3 

981-984 

Brown clay . - - ... 

3 

984-987 

Clay and oil sand - - ... 

7 

987-994 

Grey clay and sand .... 

S 

994-1,002 

Brown clay 

35 

1,002-1,037 

Grey clay. 

I 

1,037-1,038 

Grey clay and oil sandstone 

21 

1,038-1,059 

Brown clay and sand. 

2 

1,059-1,061 

Brown clay. 

35 

1,061-1,096 

Brown clay and stone 

6 

1,096-1,102 

Brown clay - - - - 

rS 

1,102-1,120 

Brown clay and stone ..... 

20 

1,120-1,140 

Grey gassy clay and sand 

18 

1,140-1,158 

Brown clay. 

28 

1,158-1,186 

Grey clay, with exhausted oil sand - 

10 

1,186-1,196 

Grey gassy clay 

12 

1,196-1,208 

Brown clay and oil - 

18 

1,208-1,226 

Brown clay and stone 

2 

1,226-1,228 

Brown clay and sand 

i 3 

1,228-1,241 

Brown clay and stone. 

2 

1,241-1,243 

Dark grey clay and stone 

6 

1,243-1,249 

Dark grey clay 

(> 

1,249-1,255 

Dark grey clay and oil sand - 

3 

1,255-1,258 

Brown clay and sand. 

'4 

1,258-7,272 

(irey gassy clay and exhausted oil sand - 

(> 

1,272-1,278 

Brown clay and sand. 

5 

1,278-1,283 

Brown clay and sandstone 

10 

1,283-1,293 

Brown clay . . . . . 

'5 

1,293-1,308 

Brown clay and stone 

13 

1,308-1,321 

Yellow stone ... 

2 

1,321-1,323 

Brown clay and stone - ■ 

tS 

1,323-1,331 

Brown clay and exhausted oil sand 

12 

',331-1,343 

Brown clay and sand (14-in. pipe stopped 
at 1,344 ft.) 

3 

1,343-1,346 

drey clay and oil sand 

3 

1,346-1,348 

Oil sand - - - - 

25 

',348-1,373 

Grey gassy clay and sand 


1,373-1,374 

Oil sand (not very productive) 

C) 

1,374-1,380 

Hrown clay and stone. 

4 

1,380-1,384 

Oil sand - - - , - - - 

^5 

1,384-1,399 

Grey clay - ■ 

»5 

1,399-1,404 

Brown clay - . - 

16 

1,404-1,420 

Brown clay and stone. 

12 

1,420-1,432 

Grey clay and green sand and stone 

6 

1,432-1,438 

Brown clay - . - - - 

-5 

1,438-1,463 

Grey sand and water - , - 

27 

1,*463-1,490 
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Brown sandy day. 

Thickness 
in Feel. 

13 

Depth 
in Feet. 
1,490-1,503 

Dark grey clay and sand .... 

6 

1,503-1,509 

Brown clay and sand - - . . . 

11 

1,509-1,520 

Brown clay and stone - - - - 

3 

1,520-1,523 

Brown clay and sand - 

7 

',523-1,530 

Dark grey clay and sand . - - 

^5 

',530-1,545 


11 

',545-1,556 

Brown clay . 

5 

',556-1,56' 

Hrown clay, sand, and stone iio-in. pipe 

stopped at 1,592 ft.". 

26 

', 56 t -',587 

Brown clay. 

19 

1,587-1,606 

(ireen clay and sand. 

9 

1,606-1,615 

Grey gassy clay and oil sand - 


1,615-1,620 

Oil sand (good production) . - - - 

3 

1,620-1,625 

Brown clay - . - - - - 

1.3 

1,625-1,638 

Brown clay and oil . . . . 

12 

1,638-1,650 

Oil sand 

53 

1,650-1,703 

Brown clay . - . . . 

37 

1,703-1,740 

Brown clay and stone 

4 

1,740-1,744 

Oil sand - . - - - 

11 

1 , 744 - 1,755 

Grey clay and oil sand - 

45 

',755-1,800 

Hrown clay and oil . - - 

-3 

1,800-1,823 

Brown clay and stone . - - - 

25 

1,823-1,848 

Brown clay and sandstone 

A 

1,848-1,852 

Brown clay and sand - - - 

\ 2 

1,852-1,864 

Brown clay and oil . . . - 

16 

1,864-1,880 

Brown clay, oil, an'd stone 

9 

1,880-1,889 

Brown clay and oil sand 

7 

1,889-1,896 

Brown clay and oil . . - - . 

34 

1,896-1.930 

Grey clay and stone 

S 

',930-1,938 

Grey clay and sand . - - . - 

4 

1,938-1,942 

Grey clay, green sand, and stone 

3 

1.942-1,945 

Grey gassy clay and oil - 

14 

1 , 945 - 1,959 

Brown gassy clay and oil 

3 

',959-1.964 

Hard sandstone. 

5 

1,964-1,969 

Brown gassy clay. 

16 

',969-1,985 

Brown gassy clay and oil sand 

9 

1,985-1,994 

Brown gassy clay. 

5 

1 , 994 - 1,999 

Oil sand (big flow of oil; flowed for weeks 
unaided; depth of hole 2,037 ft., 8-in. 

pipes to 1,988 ft.) - - - - 

3 

1,999-2,002 


Typical Well in the Tnstanowice Oil-Field of Galicia. 


(Produtlion about 380 toni daily.) 


Clay (17-in. casing to 87 ft.) - 

'rhicknes.s 
in Feet. 

- - 98 

Depth 
in Feet. 

0-98 

Shale (15, in. casing to g8 ft.) - 

33 

98-131 

Clay (i3i-in. casing to 182 ft.) 

460 

i 3 '- 59 ' 

Shale 2-in. casing to 246 ft.)- 

- - 98 

591-689 
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Galician Well Log 



Thickness 

Depth 


ill Feet. 

in reel. 

Clay (lo-in. casing to 77^ ft. ; water shut 



out). 

124 

689-813 

Laminated clay and shale - . . . 

399 

813-1,21: 

Clay. 

63 

1,212-1,275 

Laminated clay and shale 

5 ^ 

',275-1.327 

Shale - - - . . - . 

102 

',327-1,429 

Laminated clay and shale - - - . 

81 

1,429-1,510 

Sandstone 

13 

', 5 'o-i ,523 

Laminated clay and shale 

f >7 

1,523-1,590 

Shale ... . - . . 

I 10 

I,t; 90-1,700 

Clay. 

7 

1,700-1,707 

Shale -------- 

^5 

1,707-1,732 

Laminated shale and sandstone 

73 

1,732-1,805 

Shale.. . 

171 

1,805-1,976 

Laminated clay and shale - . . . 

4; 

1,976-2,018 

Shale . - - . - - . 

44 

2,018-2,092 

Sandstone - . - 

S 

2,092-2,070 

Shale ----- . - 

0 

2,070-2,076 

Sandstone ------- 

33 

2,076-2,108 

Laminated shale and sandstone 

74 

2,108-2,182 

Clay ----- - - 

8 

2,182-2,190 

Shale 

() 

2,190-2,196 

Laminated shale and sandstone (y-in. casing 



0 

0 

-u 

37 

2,196-2,233 

Shale - . 

49 

2,233-2,282 

Clay ----- 

IQ 

2,282-2,262 

Shale -------- 

33 

2,292-2,325 

Laminated shale and sandstone 

96 

2,325-2,421 

Shale - . 

70 

2,421-2,491 

Laminated clay and shale . . . . 

49 

2,491-2,540 

Laminated shale and sandstone 

8; 

2,540-2,625 

Shale 

78 

2,625-2,703 

Sandstone . . _ - 

7 

2,703-2,710 

Shale - - - - . . - - 

*13 

VIO-V 53 

Sandstone. 

7 

2,753-2,760 

Shale - 

50 

2,760-2,810 

Clay. 

4 

2,810-2,814 

Shale. 

37 

2,814-2,851 

Sand with gas. 

4 

2,851-2,855 

Shale - . - - - 

65 

2,855-2,920 

Sand 

12 

2,920-2,932 

Shale 

68 

2,932-3,000 

Sandstone. 

10 

3,000-3,010 

Shale - - . . . - 

7 

3,010-3,017 

Sandstone -. 

25 

3,017-3,042 

Shale - - . - - . - 

3 

3,042-3,045 

Sandstone ------- 

37 

3,045-3,082 

Clay.- - 

5 

1^082-3,087 

Sandstone - - ■, - 

13 

3,087-3,100 
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Shale. 

ThickncK 
in Feet. 

23 

Depth 
in Feet. 

3,100-3,123 

Sandstone. 

7 

3,123-3,130 

Clay (caving). 

r- 

3,130-3,162 

Sandstone. 

21 

3,162-3,183 

Clay 

■ 7 

3,183-3,200 

Shale. 

61 

3,200-3,261 

Sandstone . 

7 

3,261-3,268 

Shale • - -. 

62 


Sandstone ------ 

7 

3 ’ 330 ' 3 i 33*7 

Shale ■ -. 

43 

ji 337 ' 3 i 379 

Laminated clay and shale . . - . 

41 

3 i 379 - 3 , 43 o 

Sandstone -. 

40 

3,420-3,460 

Shale. 

62 

3,460-3,522 

Sand (oil at 3,540 ft.) - - 


3,522-3,560 

Laminated shale and sand (caving ; 7j-in. 
casing to 3,640 ft.). 

212 

3,560.5,774 

Shale. 

128 

3,774-3,900 

Laminated shale and .sand (oil at 3 , 97 - ft.) 

68 

3,900-3,96,8 

Shale. 

3 - 

3,968-4,000 

Laminated shale and sand (6,",;-in. casing to 
4,150 ft.) 

160 

4,000-4,160 


Typical Wells in Negritos Oil-l ields oj Peru. 


(^Casing perforated at various oil sources. .Manila cable ''Vstem 
of drilling.; 


Grey shale (some oil at 220 ft.; 

Thirkncss 
in Keel. 

770 

Depth 
in Feet. 

0-770 

Oil sand (good oil source! 

20 

770-790 

Grey shale . - - - 

55 

790-845 

Oil sand (oil rose 600 ft. in well) - 

35 

845-900 

Grey shale. 

658 

900-1,558 

Oil sand (well flowing) - 

- - 78 

1,558-1,636 


Grey shale - . - - 

■ 265 

0-265 

Oil sand with oil - 

10 

265-275 

Grey shale - ... 

- 475 

475-550 

Oil sand with oil - 

40 

550-570 

Grey shale. 

- 150 

570-720 

Oil sand (well flowing) - 

45 

720-745 

Initial productions. 

29-30 tons daily. 
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Typical Canadian Well (Petrolia and Oil-Springs District). 
(Wire rope cable or Canadian tools.) 



'I'hiclciiess 

Depth 

1 Thickness 

Depth 


in Feet. 

in Feet. 

j in Feet. 

in Feel. 

Blue day • 

- 70 

0-70 

j Lower soapstone - 30 

290-330 

Upper limestone 

■ 50 

70-120 

! Lower limestone (with 


Upper soapstone 

- i;o 

120-270 

j oil) - ■ - too 

330-430 

Middle limestone 

- 20 

270-290 




Deep Canadian Well to Tcenton Limestone. 



’I'lncknps'. 

De^iih 


HI i'r-ci 

111 Frc'l. 

Clay. 

60 

0'60 

(iravel - - - 

5 

60-65 

Black shales 

»5 

O5-150 

Limestone . . - 

15 

150-165 

Soapstone - - - - 

205 

165-370 

Limestone 

-5 

370-395 

Soapstone . . . . 

Corniferous limestone -blacksulphuroiiswater 

-5 

395 - 4 :!o 

at 500 ft. in I’etrolia oil-bearm^^ rock 
Uoloinitc, Hiiiestone, and’marls, with gypsum 
and rock-salt. Red rock-salt, 1,410- 

"5 

420-535 

1,655 ft.; red rock-salt, 1,810-1,835 fi 

1,30(2 

535-1,835 

lamestone dolomite. 

i25 

1,835-2,060 

Dark shales (Niagara). 

15 

3,060-2,075 

Limestone (Clinton). 

Red shales (Medina) and light grey shales with 

35 

2,075-2,110 

limestone ... - 

440 

2,1 10-2,550 

Shales (Hudson Rieer) .... 

285 

2,550-2,835 

Dark shales. 

Trenton limestone (only oil and gas bearing 

175 

2,835-3,010 

in places). 

3S0 

3,010-3,390 



CHAPTER IV. 


INDICATIONS OF PETROLEUM AND PHENOMENA 
ASSOCIATED WITH ITS OCCURRENCE. 


Surface Indications of I’etroleum — Evolution of (las — Mud Volcanoes — 
Petroleum Seepages and Asphalt Deposits — Bituminous or Asphaltic 
Rocks—Native Bitumens--Ozokerite- -Saline and Sulphurous Waters—Oil 
Shales—Interpretation of Surface Indications—Prospecting for Petroleum. 

Surface Indications of Petroleum. —The physical characteri.stics 
of petroleum-bearino' regions vary widely in different countries. 
Prevalence of petroleum not uncommonl)- exerts a marked 
influence upon the topography of a district as a consequence of, 
its injurious influence ujxin vegetation, but this latter is influenced 
to a great extent by the geographical .situation of the localit)’, 
and the frequency and amount of rain or prevalence of long 
droughts. In rainless or nearly rainle.'-s tropical countries, the 
presence of petroleum and other injurious compounds which 
usually accompany oil have a very pronounced eflect, and are 
often a contributory cau.se of many square miks of barren waste. 
In tropical and sub-tropical countries where abundance of rain 
falls, especially in hilly districts where the water rapidly flows 
away, the vegetation is little afiected by the prevalence of 
petroleum-permeated beds ; but in other districts where the rainfall 
is small, the vegetation is often of a stunted character, if present 
at all. In many of the dense tropical jungles of Borneo and 
Sumatra in the blast, and of Central America and Trinidad in the 
West, where oil conditions prevail, the wild vegetation .seems to 
flourish unchecked amidst a mass of bituminous matter and in 
quagmires of oily slime ; even the famous pitch lake of Trinidad, 
although composed largely of solid asphalt, is not devoid ol 
vegetable growth, for dotted over its surface are tufts of coarse 
grass and low scrubby bushes, that maintain a bare existence on 
' particles of soil attached to the pitch. Bare, barren wastes 
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characterise the oil-fields in the almost rainless regions of Upper 
Burma, Persia, Egypt, Algiers, and Peru, as well as many of 
the Russian oil districts, and some of the western fields of the 
United States. 

The presence of petroleum in the rucks of a di.strict is not 
always indicated b)’ any outward signs which would give the least 
clue to a casual observer. Many of the oil-fields of the world 
owe their di.scovery to the casual striking of oil in wells sunk for 
water, or during searches for brine, which is commonly associated 
with oil. Drake’s original well at Oil City was sunk amidst 
brine wells, and as reccntlt' as 1908 a rich find of oil resulted 
from the drilling of a water well in the Argentine Republic, at 
Comodore Rivadavia, by the Government of that country. In 
some regions there arc seepages of crude oil which intimate the 
ex’istcncc of supplies beneath the surface, and occasionally the 
issuing oil is allowed to accumulate in pools, from which it is 
periodically removed. On two occasions, in the r'ears 1908-9, 
great quantities of petroleum su ’denly issued from cracks in the 
ground along the Trans-Caucasian Railway, where oil-bearing 
strata occur; aru' in the later case, near Aliat railway station, 
it was said that the oil ilowed in such quantities that large lakes 
of oil were formed on the surface, inuiidating the railway line for 
some distance. The varied phenomena attending the distribution 
of petroleum will be dc.scribed and explained in detail in the 
following pages. 

The ]jredominance of unconsolidated plastic clays and clay- 
shales, that especially characterise oil-fields of Tertiary age, results 
in a form of weathering tliat is re]3eated in many far di.stant 
regions. Amidst such surroundings disintegration proceeds at a 
rapid rate, esjjeciall)’ under the influence of rains and frequent 
landslides, and heavy mud greatl)' impedes normal operations 
during wet seasons. There is an extraordinary re.semblance in such 
far-separated fields as Jiouinania, Galicia, Russia, Burma, Peru, 
and California. 

In the neighbourhood of some oil-fields massive outcrops of sand, 
stained or even saturated with oil, bear eloquent testimony to 
their importance as possible sources of petroleum, ground the 
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Baku and Maikop oil-fields of Russia, and amidst the Californian, 
Peruvian, Trinidadian, and Roumanian oil-fields may be observed 
extensive outcrops of oil-soaked rocks, that afford exceptional 
facilities for scientific study. 

Heavy asphaltic oils usually transmit a dark discoloration, 
and impart a stickiness to the grains that causes them to resist 
weathering, and often to stand out in bold relief in sections. Sands 
impregnated with less dense petroleum often assume a slight 
discoloration, not unlike in appearance an iron-stained sandstone, 
and there ma}’ be no obvious trace of oil. Doubts ean be removed 
by agitating a crushed sample in water or benzine, and noting 
the extract. A sjjecimen of sand placed on hlotting-|5aircr will 
often produce a grease .stain. The weathered edges ol i.)il sands 
often betray little evidence of oil, as they have suffered oxidation 
and have become bleached. ()utcro])ping oil strata sometimes yield 
a wealth of efflorescences in which .sodium chloride and sulphate,, 
alum, carbonate of lime, and other salts |)articii)ate. Sometimes a 
hard incrustation is formed on the surface, but usually light floc- 
culent growths occur, crystallisations from water drawn b}-eapillary 
attraction from the strata. Sufficient .salt is leached from low- 
lying out-cropping strata b)' winter rains in valleys around the 
Baku oil-fields to }'ield large supplies of salt b)' .solar evaporation 
in the dry season. 

Evolution of Gas. —Whilst natural inflammaWe gas is not by 
any means a positive indication of the existence ol petroleum, its 
association with that mineral is so general in all parts of the world, 
that it is impossible to disregard its presence if it occurs in a 
di.strict where there is other confirmatoiy e\'idencc, or the geologi¬ 
cal conditions are favourable. Not infrequently natural gas 
originates from causes quite different from those attending the 
formation of petroleum, while in other cases it accumulates in 
porous strata not directl}’ communicating with oil beds, although 
it has been derived from them ; but if there is a petroliferous or 
“ paraffin ” odour, the origin of the gas should be investigated and 
established before rejecting the idea of its association with 
petroleum. The escape of ga,s cannot be readily detected in 
dry, barren districts, but it is usually recognised by an odoui 
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lervading well-sheltered ravines, or by bubbles of gas rising from 
luddles of water or beds of streams. On applying a light to the 
scaping gas combustion takes place, and if the .supply of gas is 
teacly, it will continue to burn with a slightly luminous, semi- 
ransparent flame. In mar.sby ground, nr stagnant pools, a 
;imilar escape of gas (methane or marsh ga.s) can often be 
jbserved, especially in warm weather, if the mud is stirred, but 
his is merely a product of decomposing vegetation, and quite 
li.stinct from that originating from petroleum. As is well known, 
;he moving, feebly luminous flame of mar.sh gas sometimes 
Dccurring over treacherous marshy ground is commonly called the 
‘Will o’ the Wi.sp.” I’etroleum gas generally contains from 
So-go per cent, of methane, hut there are other hydrocarbons 
present which imparl to it a distinctive odour, and these simplify 
its recognition as petroleum gas. 

Although petroleum gas can generally he distinguished by its 
odour, it is sometimes contaminated to such an extent with gases 
of a more |ningenl odour that its qualities arc masked. Both 
.sulphur dioxide and sulphuretted h)-dr"gen, as well as carbon 
dioxide and nitrogen, arc commonly associated with petroleum 
gas, and the two former entirely di.sguisc the pdtroleum odour at 
times. Small quantities of gas may eonlinually escape through 
crevices and fault fissures from a considerable depth, and thus 
indicate the possible existence of an oil or gas stratum far below 
the surface; but usually the apparent ga.s exudations, often 
developed on a large scale, occur where there is a fractured crest 
of an anticline, or where the strata are inclined, and the edges 
of the petroleum-bearing or gas-producing beds cither outcrop 
at the surface, or arc covered only b)' a superficial layer of over¬ 
burden. U.sually the gas exudes slowly, but fairly constantly, 
from numerous points over a large area; at other times there are 
prolonged periods of quiescence between successive eruptions. 
The gas only occasionally escapes with sufficient continuity, and 
in large enough volume to burn constantly if ignited, but at times 
such is the case, and gas exudations, which have been accidentally 
lit or have fired spontaneously liave continued to burn for 
years. On the ridge of hills ffinging the Poota Valley, near 
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Baku, there is an area of about an acre where the escaping gas is 
rarely, if ever, extinguished, and in the Yenangyat district of 
Burma a somewhat similar phenomenon is observable at Yenang 
Daung. The gas appears to escape from numerous fissures in the 
strata, causing a large number of sheets of flame to rise to the 
height of a foot or two above the surfirce of the ground. 

In the Surakhany district of the Baku oil-fields, the fire of 
the natural gas has been an object of worship for some 2,500 
years, and it was only about 1898 that annual pilgrimages to a 
temple in the district were suppressed by the Rus.sian Government. 
Throughout the Surakhany area the ga.s has for man}- years been 
used by the peasants for burning limestone, which occurs locall)-. 
Ample supplies of gas were till recently obtained by excavating 
20-50 ft. into the dark, fine-grained .sands of that region. The 
development of this region for oil and gas has practical!)- 
exhausted the upper beds. 

In some petroleum regions the gas onl}- bur.sts forth at distant 
intervals of time, the district in the intervening period exhibiting 
no indications of petroleum or gas. Such phenomena arc frequent 
in the East and West Indian oil-fields, and in the Caucasian oil 
belts fringing the Baku oil-fields. In the i’oota and Binagadi 
districts near Baku there aie several mounds which displa)^ 
violent activity occasional!)-. From one hill of more than 
ordinary fame, which, however, would imt attract a casual observer’s 
attention at ordinary times, the gas occasionally bursts forth in 
immense volumes through numerous rents blown in the side, and 
the heat emitted by the burning ga.s, which ignites spontaneously, 
is intense. The glare is distinctly visible from Baku, 10-12 
miles awa)-, and the .spectacle usually attracts a number of sight¬ 
seers. On two occasions when the author was in Baku this 
particular hill was in eruption, once in 1898 and again in 1904, 
but many years often elapse betweefn successive eruptions. An 
e.xamination of the hill after the few days’ activity had ceased 
revealed unmistakable evidence of the intensity of the discharge, 
as cavities large enough to admit the body of a man were blown 
in the side of the hill, whilst the burnt nature of the material 
forming *1110 hill testified to the great heat developed. In'1902 
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an eruption of gas, which also spontaneously ignited, caused the 
destruction of a herd of sheep grazing on the scrub in the Kir- 
Maku district, to the west of Zabrat, Baku. 

Severe seismic shocks usually influence the escape of gas, and 
many of the great evolutions recorded in literature have been 
coincident with earthquakes. In the calamitous earthquake of 
1902, when the tow?i of .Schemakha, in the Caucasus, was destroyed, 
great consternation was aroused b\- the issue of inflammable gases 
from numerous fissures which appeared in the earth, the district 
being petroliferous in character. 

Caucasian peasants often utilise the natural gas for cooking 
and lighting, by improvising stoves over crevices from which 
petroleum gas issues, when, to induce a large volume of gas to 
flow towards their stove, they often insert a short piece of piping 
into the crevice, and make a clay puddle round the top of the tube 
to direct the gas into the tubing. 

Gas exudations are not confined to the land; they occur just 
as frequently in lakes, rivers, and seas. Some excellent e.xamples 
of .submarine exudations are found in the Caspian Sea, and off the 
coasts of Burma and Borneo, where the oil-jrroducing strata 
extend. It is said that at one time a light applied to the sea in 
Baku Bay, on a calm day, uould result in acres of flame, but the 
active development of the Baku oil-fields has caused a diminution 
of such phenomena, although there were in 1910 several spots off 
Bibi-Eibat, near Baku, where the gas was eiolved in sufficient 
volume to cau.se the naler to be violently agitated in the vicinity. 
A piece of lighted tow thrown into these jratclics would ignite the 
ga.s. In. the prc.sence of a stiff breeze the flame is blown aside 
and extinguished, although on a calm da)' the gas continues to burn 
vigorously. Old inhabitants as.sert that gas escaped with such 
violence at one time near Bailoff that boats were cajxsized if 
incautiously allowed to approach t :o near. Near Holy Island, in 
the Caspian, there are similar exudations of gas from beneath the 
sea, they, likewise, resulting from the continuation of the oil¬ 
bearing beds seen on the island. There arc many localities in 
the Caribbean Sea, off the coast of Mexico, where vast quantities 
of oil are periodically ejected, covering the sea for miles*; and off 
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the coast of Texas, near Sabine Pass, there are'several wMb&bfwn 
localities known as “ oil ponds,” where the sea is always calm, and 
where coasting vessels seek shelter during storms. These oil 
ponds are less than a mile in diameter, and the reason seas never 
break there is attributed to exudation of petroleum from sub¬ 
marine springs.' 

The author has observed the escape of gas in tlie sea off the 
coast of Peru, where there are well-defined oil-bearing beds on the 
shore, and sometimes the odour of petroleum gas is very 
pronounced in ^he breezes from the sea. Violent submarine 
eruptions have been re|)orted off the coasts of Burma and the 
Klias Peninsula in Borneo, evidently attributable to the issue of 
petroleum gases following disturbance. Off Galeota Point, on the 
south-eastern corner of Trinidad, submarine eruptions have been 
recorded, accompanied by a great discharge r)f petroleum and 
pitch, which .spread over the .sea ; and in the Gulf of Paria similar 
outbursts have caused a destruction of fi.sh. The violent 
explosions, which were attributed to volcanic action, occasioned 
much consternation amongst the nati\'cs, who asserted that a 
column of water rose from the sea to a considerable height at the 
moment of the e'Xplosion, and that the coast line for many miles 
was strewn with pitch and petroleum. 

Other gases which are frequently to be foiinu e.scaping from 
the ground in oil regions are carbon dio.xidc, sulphur dioxide, and 
sulphuretted hydrogen. The carbon dio.xidc is not easy to 
discover, as it is an inodorous, non-inflammable, and invisible ga.s. 
Sulphur dioxide, easily detected by its pungent sulphurous odour 
and its stinging effect upon the nose, can often be traced in oil¬ 
bearing regions. It is prevalent in the districts around Baku 
where the oil strata ajjproach the surface, and it has been 
ob.served in the Texan and Californian oil-fields. The gases 
accompanying the oil on Spindle To|), Texas, were exceedingly 
poisonous through association with sfilphur gases, and many 
deaths resulted from inhalation. Sometimes ihc escape of sulphur 
dioxide from fissures lead.s to a .sublimation of pure yellow sulphur 

* See Vnited States (Jeological Survey, “Report on Texas Oil Fields in 
1903,’’by Hayes and Kennedy. 
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around the crevices from which the gas issues, a result which may 
be due either to a chemical reaction between sulphur dioxide and 
sulphuretted hydrogen, resulting in the production of water and 
sulphur or in incomplete oxidation of sulphuretted hydrogen. 
Escaping sulphuretted hydrogen can often be detected in the 
vicinity of oil outcrops by its disagreeable odour, a property 
which renders its recognition cas\’. 

These poisonous gases, cither singly or commingled,occasionally 
collect in natural depressions, where, undisturbed by winds, they 
form deadl)’ pits in which wild anim.als or men are apt to be 
asphyxiated if they incautiously stray. Such treacherous places 
are known in the United States, Cuba, and elsewhere, the 
localities often being marked by a collection of bones of birds and 
animals which have unwarily ventured into these traps and met 
their doom. In the Caucasus there are valleys where, in the heat 
of summer and during the absence of a breeze, the air becomes so 
charged with these gases that a sensation of oppression and 
nausea is produced if one lingers too long in them, 

Many oil wells \-icld an abundance of both sulphuretted 
hydrogen and sulphur dio.xidc. 

Mud Volcanoes. —One of the most common phenomena 
associated with the presence of petroleum is the mud volcano. 
Mud volcanoes result from the evolution of natural gas through 
soft strata im[)regnated with water, which has cither been 
admitted into the surface alluvium tu’ was pre.sent in the beds 
from which the gas is evolved. If oil or gas bearing beds are 
covered by clays or recent alluvium, which is either insufficient!) 
thick to restrain the gas pressure below, or becomes fissured by 
earth movements or landslides, gas escapes, and if water is 
present a mud is brought to the surface and deposited in a 
circle around the point of issue. In course of time the constant 
ejection of mud and evaporation of the moisture leads to the 
formation of conical mounds, through the centre of which a 
channel is kept open for the passage of gas and mud. Con¬ 
tinuous action in districts not frequented b\' heavy rains causes 
the growth of hills a hundred, and even several hundred, feet 
high which become landmarks in the district (see big. i8, 
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Plate XX.). "Such mud volcanoes are to be .seen on an excep¬ 
tionally large scale in Russia around the Baku oil-fields, in the; 
Kuban district near the Black Sea, and in the Taman Peninsula^ 
where great streams of mud may be observed flowing down 
their sides. They abound in the Borneo and Sumatra oil-fields, 
and the Arakan Islands off the coast of Burma, and good 
examples may be seen in Colombia, Roumania, and Trinidad. 
The larger hills are usually the result of the combined action 
of a number of .smaller volcanoes, and the summits will generally 
be found to be .strewn with a number of small craters, and rarely 
a large single crater, from whence the mud and gas escape. 

So common is the phenomenon to which the term mud 
volcano has been applied that there are few Tertiary oil-fields 
in the neighbourhood of which they are quite absent. Naturally 
they are more prevalent where the oil beds closely approach 
the surface on an anticline, or where steeply inclined outcrops 
of oil .strata lie covered by or associated with soft clays, but 
they are often quite ab.scnt where oil bed.s lie at a great depth 
below the surface, or where the surface stratum is of too compact 
a nature to form cones of mud. 

Mud volcanoes are to be seen on an unusually large and 
interesting .scale in the southern .section of the island of Trinidad, 
and some of the larger ones become extremely viohnt at intervals, 
and even cause damage. A house on the Colombia K.state at 
Cedros was rendered almo.st uninhabitable by an upheaval from 
a mud volcano near b)-, and at other sjjot.s where they' occur 
acres of agricultural land have been thrown into disu.se by 
ejections of mud and oil. In February 1906 the author was 
fortunate enough to witness the eruption of one of the largest 
and most famous of the Trinidad mud volcanoes near Cedros, 
and secured a number of interesting photographs. .Several acres 
of ground were quite bare of vegetation, and strewn with newly- 
ejected, well-puddled, argillaceous material mixed with occasional 
fragments of iron pyrites, flints, and pieces of lignite. Around 
this area inflammable gas was oozing up through numberless 
fissures with a hissing .sound, and towards the centre was a 
crater of'stiff pasty clay, kept in agitation and puddled by the 
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evolution of immense volumes of gas. This central crater had 
a diameter of about 60-80 ft., and the discharged mud was 
so soft around that close approach was unsafe. At intervals 
of a few minutes violent eruptions occurred, accompanied by 
the evolution of enormous volumes of gas, causing the ejection 
of many tons of clay to a height of 20-30 ft. Before each 
explosion the ground for a radius of 50 ft. heaved and quivered, 
and the central portion rose slowly until it burst, causing the 
expulsion of masses of clay, the bulk of which fell back into 
the crater in great blocks. 

Where water is present in large quantities mud volcanoes 
do not display the same violence, as the well-mixed mud is 
kept thin by constant agitation, allowing the gas to escape 
more freely through the fluid mass at any point. In another 
case the author made an estimate of material ejected in less 
than one hour, and found the quantit}’ to e.xceed 35,000 cub. yds. 
spread over an area of several acres. Large cracks opened up 
in the ground over an area of many acres. 

On the 2 1st December 1897 the di turbance occasioned by 
an earthquake led to the formation of a great mud volcano 
beneath the sea off the southern point of the Klias Peninsula 
of Borneo, when sufficient argillaceoin material was ejected 
to form a new island 750 ft. long, 420 ft. wide, and 20 ft. 
above sea-level. The eruption occurred on the crest of a well- 
known anticline with steep sides, on which petroleum and gas 
exudations had frequently been observed in other localities 
where it crossed the land.' 

Some renowned mud volcanoes exist on the Arakan 
Islands off the coast of Burma, and they often display unusual 
activity when an earthquake disturbs the inclined oil and gas 
bearing strata which occur in that region. Probably one of 
the greatest mud volcanoes *on record was formed off the Burma 
coast on 15th December 1907, sufficient material was 

ejected to form an i.sland 1,200 ft, long, 600 ft. wide, and 20 ft. 
above sea-level, upon which a landing was effected by the 

' ]. A. Stigand gives the initial height as 50-60 ft., and states that the 
island eventually became joined to the^tnainland by accumulations o san , 
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officers of a British marine survey ship shortly after the eruption, 
when the mud still indicated a temperature of 148° F, a few 
feet below the surface. 

An exceptionally violent eruption occurred off Erin, on the 
southern coast of Trinidad, on 4th November 1911. Masses of 
material were observed being ejected from the sea, accompanied by 
enormous volumes of gas, which became ignited, and considerable 
noise. The flames could be seen many miles away as they ro.se 
to a height of a hundred feet or more. An island w’as noticed 
to be steadily rising from the sea as the material increased in 
quantity, until after several hours of activit)- it had an area 
of acres and was 14 ft. above sea-level at its highest point. 

On cessation of activit)’ the island was visited next day by 
a party who discovered the material to be the usual puddled 
clay mixed with some particles of rock : the temperature of 
the mud was sufficiently high to make a visit uncomfortably. 
This eruption occurred on the crest of a known anticline that 
could be traced both eastward and westward on the land, and 
fishermen had noticed the ascending bank a day before the great 
eruption. 

Petroleum Seepages and Asphalt Deposits. —^Natural is.sues 
of petroleum obviously afford the most positi’»e evidence of its 
occurrence, and it is amidst their occurreuce.s that most of the 
Tertiary oil-fields of the world are located. Their nature and extent 
act as a guide in estimating the economic importance of a deposit, 
and frequently provide the sole clue to the occurrence of petroleum 
in a district. Oil exudations cannot be mistaken, as a few 
simple tests settle any doubts ; yet it is surprising how many 
times the easily distinguished, iride.scent, oily-looking film of 
oxide of iron on chalybeate waters has been taken for oil. An 
extremely small seepage of oil will reveal its presence upon a 
surface of water, as owing to its low surface tension a particle 
spreads into a fine film over a large area. Concealed oil sources 
are often disclosed by particles of oil, raised with ascending waters, 
accumulating on pools or sheltered by-washes of streams. 
Petroleum unaccompanied by water may ooze from exposed beds, 
.or i.ssue from crevio^ in covering clays, and in some localities 
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gallons or even barrels of oil' may be daily recovered in a 
suitably placed receptacle. Peasants frequently obtain supplies 
from pools by drawing a cloth over the surface oil, and then 
wringing its absorbed contents into a vessel. 

Seepages sometimes reach a considerable magnitude where oil 
beds outcrop, and tliey then become the .seat of a native industry. 
Most Tertiary oil districts yield numerous examples. Light 
oil seepages leave less trace of their presence than the heavier 
types, but occasional!)-, as at Lizard Spring, Trinidad, great 
quantities of light oils i.ssue and accumulate in neighbouring 
depressions. When the topography is favourable or the climate 
or grade of oil suitable, c.scaping oils quickly sufifer loss of volatile 
constituents, become o.xidised and converted into .semi-solid 
pasty masses of asphalt that are not readily washed away, and 
in time reach large dimensions. Around many of the known 
oil-fields there are e.xtensivc deposits of these oxidi.sed products 
of petroleum, etc. 

In hot, dry regions, v\-here vegetation is scarce, particles of sand 
or dust soon attach themselves to the sticky pitch, and produce 
a solid material of limited commercial worth on account of the 
large percentage of extraneous matter that* has to be artifici¬ 
ally extracted before the pitch constitutes a \aluable article 
of commerce. Where the oil oozes from outcrops on the side 
of the hills, deposits of contaminated pitch will often be found in 
the surrounding low-l)’ing districts, but in very hilly districts all 
traces may be removed by rains, which carry everything into 
the neighbouring streams. When the less volatile constituents 
of petroleum accumulate in a forest or tropical jungle, the pitch 
will always be found to contain a large quantity of carbonaceous 
matter, such as fragments of wood and leaves, which are preserved 
from decomposition. Insects, animals, and birds which stray 
into the more liquid pitch are often engulfed, and their remains 
are perfectly pre.served for long periods. Attention is directed 
by the United States Geological Survey to the large number of 
well-preserved remains of e.xtinct animals that are to be found 
in the “ tar springs ” of the Los Angeles district of California, 
the larger animals having apparcntl)’ been lured into tHtse deposits 
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b}’ smaller animals and birds already cauglit and unable to 
escape.' Likewise in I'eru the author discovered .some pitch 
deposits in wliich there was an abundance of bones of large 
animals that had evidentl)' become bogged, and their remains 
preserved ; and on Holy Island in the Caspian similar remains 
have been observed. 

It will generally be observed that the petroleum does not 
exude from the whole line of outcrops as one might have surmised, 
but escapes from a larger or smaller number of conical mounds 
which are di.stributed along the strike of the outcropping oil 
rock. Such a condition seems to be due to two causes : firstly, the 
solidified asphalt forms, after a time, a hard covering through which 
further oil cannot thrust its way without some exertion of force, 
thus leading to the escape of the oil from other points of weaker 
resistance which continue to be so unless the\' become choked 
by some obstacle ; secondly, there is a tendency’ towards the 
formation of definite channels bv the i-scaping oil, which, after 
centuries of action, are not readily deflected into new directions. 
Hoth actions bring about the formation of conical mounds of 
asphalt, from the centre of which the petroleum either constantly 
or intermittently exudes from small craters and flows down the 
side.s. The existence of such channels through which the oil 
flows by preference is supported by the common occurrence of 
fine sand with the oil, the conclusion being that this represents 
particles of rock detached from the berl by the oil during its 
slow progress outwarrls. 

Asphaltic deposits are often very deceptive in their appear¬ 
ances, and a far greater importance may be attributed to them 
than they’ deserve. Masses covering an area of an acre or 
more may be traced to a single or several small exudations from 
joint cracks or fissures, the asphalt constituting the accumulation 
of long periods, and covering a large surface with a mere capping. 

In some parts of the Caucasus theie are hills fif asphalt, 
many feet in height, through which a heavy, black asphaltic oil 
still exudes from numerous points in all directions. So soft 
are some of the.se that they’ will not su.stain the weight 
' liiilletin No SogMfnited .Stalfs (.eological Survey, 1907. 
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of a man, notwithstanding the addition of a large percentage 
of siliceous matter which has attached itself to the pitch and 
rendered it harder. An outcrop of the Baku oil sands on the 
edge of the famous Balakhaiu- oil-field is indicated hy a hill 
of asphalt mixed with mud and sand over lOO ft. high, and 
notwithstanding the active development of the district, indeed 
almost the exhaustion of that particular region, oil and gas 
with some mud still ooze up from numerous little cones. On 
one side of this hill, known as Bog-boga, the removal of surface 
sand has e.xposed a rich deposit of solid pitch f/vV) which is largel)' 
extracted by the Tartar |)easants for the manufacture of asphalt 
for paving and roofing purposes. On Holy Island, in the Caspian, 
the surface soil exposes great deposits of pitch, the accumulated 
residuum of thousands of tons of petroleum which have been 
expelled from the oil rocks and subjected to atmospheric influence. 

Kxtensire deposits of asphalt exist in Russia, California, 
Trinidad, Venezuela, Cuba, Mexico, Borneo, West Africa, and 
other places, and these have often been worked to supply the 
ever-increasing demand for various qualities of this material 
for road-making, electrical insulation, waterproofing, etc., etc. 
The renowned pitch lake of Trinidad has been the subject of 
speculation ever since it fell into the possession of the British, 
yet its origin is as obvious as the smaller deposits of somewhat 
similar material in other parts of the world. A brief description 
of this well-known and often-described lake may be of intere.st, 
especiallv as it has for man}' years been the chief source of 
asphalt for the world. 

The Trinidad Pitch l.akc, which takes the form of a rough 
circle, and has an approximate area of 127 acres, is situated 
about a mile inland from Brighton, where a pier has been erected 
to simplify the loading of steamers. The surface of the lake is 
practicall}' level, except for a peculiar series of depressions which 
in reality are folds or' wi inkles resulting from slow movements 
of the main mass as pitch is extracted from the outskirt-S; 
but it is quite hard and impervious to water, and its surface has 
the peculiar, fine, wrinkled appearance that one always as,sociates 
with drying pitch. 
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Nekr the centre of the lake an area of about an acre has a dirty, 
yellow, sulphurous appearance, and bubbles of gas emitting the 
offensive odour of sulphuretted hydrogen, and readily igniting on 
application of a light, can be seen rising from numerous conical 
mounds beneath a film of salt, sulphurous water. In this locality the 
pitch is quite soft and will scarcely sustain the weight of a man, 
though it is neither sticky nor dirty, and a piece can be extracted 
without soiling the hand, and kneaded into any shape by gentle 
pressure, a considerable quantity of water being squeezed out 
by the operation. Ihis spot is supposed to be one of the 
main, if not the sole .source of supply to the lake, and as 
careful surveys have .shown this point to be slightly higher than 
the rest of the lake this view seems justified, although there is 
reason to believe that the lake is no longer being fed to any 
appreciable extent. A light portable railway traverses the edge 
of the lake, where the pitch is e.xtracted in large blocks by 
pickaxes and thrown into trucks, and it is surprising to observe 
how easil)’ the pitch is broken up into blocks in excavations 
about 2 ft. deep, and it is still more astonishing on returning 
to one of these pits a few days later to find the original level 
reached again, leaving practically no trace of a depression. 

The pitch exhibits a cellular stricture, being full of gas holes, 
which assume an oval shape. It contains 29 per cent, of 
emulsified water and about 25 per cent, of mineral matter, both 
of which can be largely removed by boiling ; the water departing 
as steam and the sand .settling to ihe base of the vessel. The 
whole contents of the lake are said by the manager to be in a 
constant but slow motion, thus fru.strating all attempts to ascertain 
the depth of the pitch by means of bore holes as they became 
deflected. The management relates how a 2-in. pipe .sunk in a 
trial hole 135 ft. deep disappeared, and reappears occasionally in 
far removed points of the lake to this day. The tube has become 
curved, and after showing it.self for a short while it will disappear 
again only to protrude el.sewhere at .some subsequent date. This 
iAotion is also indicated by the appearance of trunks of trees with 
their roots complete, during the course of excavation. The author 
saw one of \hese unearnied, and as^ pitch was found beneath the 
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roots, to which much soil was attached, it was apparent that the 
whole had been carried bodily from the edges of the lake, and 
had risen upwards with the pitch that filled the excavation after 
temporary abandonment. 

Clififord Richardson give.s the composition of the pitch as 
follows the sand, consisting of fine siliceous particles with salts of 
minerals which have separated from the w-ater, and some oxide of 
iron which transmits a red colour to the powder:— 


Water and "as 
Organic matter 
^fineral matter 
Kitumen 


29 per cent. 

7 „ 

25 " 

39 " 


too per cent. 


The ultimate comptjsition of the bitumen is :— 

Carbon ----- 82.33 Pttr 
Hydrogen ----- 10.69 n 

Sulphur - - ■ 6.16 „ 

Nitrogen ----- 0.81 „ 

99.99 per cent. 


At one side of the lake is a depression in the rough basin 
occupied by the pitch, and through this has lacen traced an over¬ 
flow to the sea. The greater part of the distance is marked by 
numerous excavations, where pitch at some time or other has 
been extracted or is being extracted still. The width of this 
overflow probabl)- does not exceed too yds., but as the land has 
been in the hands of numberless private owmers, who, unless 
bought out by the Asphalt Company, worked the pitch them¬ 
selves, or leased it to others, the stretch has been the scene of 
considerable activity. 

This strip of lutch-bcaring land w'as an object of prolonged 
litigation, and a generous source of revenue to Trinidad lawyers 
for many years. Pitch, bbing fluid in character, naturally swells 
into a pit -soon after an excavation is depleted, the result being 
that the neighbours’ lands are impoverished, and their ground 
level sinks or slips. Every proprietor, therefore, has a complaint 
against his neighbour, and work is usually suspended by an 
order of Court pending a judgment. A Government Commis- 
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sion, sent from England to settle the points of law and formulate 
laws, made certain recommendations which were eventually 
modified and approved. 

The old idea that the lake was inexhaustible is as fallacious 
as it was absurd, for already the level of the pitch has fallen 
7.1 ft., and as 100,000-150,000 tons are annually exported, 
and over 1,500,000 tons have been e.xtracted, it is obvious that 
its life will not be endless. It is probable that great unexplored 
quantities underlie tlie sea off La Brea, and that one day the 
reclamation of tin's area will repay its cost. 

Recent geological work in Trinidad has conclusive!)' established 
the origin of the pitch lake. The asjrhalt originates from under- 
lying petroleum-bearing .strata, and the pre.sent pitch is nothing 
more than the accumulated unevaporated residue of millions of tons 
of petroleum which have c.xuded for ages from these oil sand.s. The 
only difficulty that presents itself at all is the manner in which a 
sufficient depression was formed at an altitude of 138 ft. above 
sea-level to contain that amount of pitch, an answer t<i which ma)- 
be found in natural phenomena. The continued exudation of gas 
and oil naturally caused disintegration of the rock from which it 
issued, and as the qngle at which the beds dip beneath the lake is 
suppo.sed to be quite insignificant, the sands would occapv a 
considerable width, and much sand might be raised ai'd be 
conveyed to the sea by the overflow. In course of time., after the 
formatioii of an extensive basin, a diminution of activity, due 
to partial e.xhaustion of the gas, or to the pressure c)f a great 
mass of solidified pitch, would lead to a reduced discharge, and 
' consequently a less active disintegration of the rock, which in 
turn would result in a less contaminated qualitv of asphalt. 

An example of such a naturally formed basin is to be .seen in 
Trinidad to-day at Lagoon Hoof, near Guayagua)’arc, where there 
is a great mud volcano about 100 yds. in diameter, in which gas and 
salt water issue from a pool of mud which, overflows on one side 
into a stream. The mud will not support the weight of a man, 
and long poles pushed down fail to reach hard ground, even near 
the sides. A big basin of unknown depth has been formed on 
level grouiid at Lagoon l^oof solely b)- the action of escaping gas 
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upon the formation through which it issues ; indeed, such a lake 
under suitable circumstances would reproduce the pitch lake. 

Reefs of asphalt in the sea off La Brea bear testimony to the 
magnitude of the o\'erf!ow from the lake, and the removal of 
millions of tons of earthy matter is quite reasonable when it is 
conjectured what volumes were dealt with. The oil-bearing 
character of the sands of the La Brea district is proved by 
petroleum issues in the surrounding jungle, and more latterly by 
bore holes sunk in the viciiiitv of the lake. Reckoning the 
quantih- of crude asphalt in sight and removed at 10,000,000 tons, 
this is e(]uivalent to 3,900,000 tons of petroleum, allowing for 
no loss of volatile ]jroducts. 

The Bermudez asphalt deiiosits of Venezuela, situated in the 
swamps at the mouth of the Orinoco, have long been worked 
both by American and Lnglish companies, but in that country 
the material is not emulsified, but consists of e.vudations of thick 
plastic bitumen which readih- s(jftens under .solar heat. The 
asphalt, which is derived from petroliferous strata, occurs amidst 
coarse gras-, in swam[)\’ ground, and issues from numerous cones 
spread over an area of about 1,000 acres. Its viscous quality 
renders its eNtraction exceedingb' difficult, especially as the 
thickness of the deposit nowhere exceeds 0 ft., and it is often 
covered b)' several feet of earth)- matter. In the rainy season, 
the area becomes so submerged that suspension of work is 
almost enforced, whilst in the dry .season the coar.se grass' 
frequenth' becomes ignited, when the heat converts the upper 
portion of the asphalt into coke of no commercial worth. 
Mr Clifford Richardson gives the following information concerning 
Bermudez asphalt: — 

Ultim.vtk CoMro.siTiox OF Bermudez A.sriiALT, 

Carbon - - .S2.8S per cent. .Sulphur - - 5.87 per cent. 

Hydropen - - 10.79 ,, ' NMroHen - - - 0.75 „ 

In its crude state it is mixed with 10-46 per cent, of 
water, but when dried it contains from 90-90.3 per cent, of 
bitumen soluble in carbon bisulphide, and 0.5-3.6 per cent, 
of mineral matter. 
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Recent drilling around the Trinidad pitch lake and in 
Venezuela has disclosed the fact that there are rich deposits ol 
asphaltic oils whose viscosity and character closely agree with the 
asphaltic portion of the lakes mentioned. The pitch does not 
con.sequently represent, as was thought, the unevaporated portions 
of lighter oils that had accumulated in favoured localities, but 
the main bulk of certain specially heavy asphaltic bodies that 
impregnate the sands of those regions. 

In Canada oxidised .seepages of petroleum, which occur at 
intervals in the Ontario fields, arc locally known as “ gum 
patches,” and discs of solid bitumen thrown up by the sea along 
the coast of Texas are known as “.sea wax.” These latter are 
sometimes 6-8 ft. long and 1-2 in. thick, having a concentric 
structure, which suggests their formation from submarine seepages 
of heavy petroleum. 

In many oil localities shallow pits, sunk into the alluvium 
overlying the oil strata, or excavated in the productive seam,= 
themselves, will yield small siqrplies of heavy petroleum, which 
are often collected and utilised for the jiroduction of various grades 
of asphalt by further concentration. The extracted material i.' 
freed of water as much as possible by gravitation, and then 
heated in open pans until it reaches the desired consistency, after 
which it is run hot into barrels or tins and allowed to set. 

Bituminous or Asphaltic Rocks. — In addition to the 
true oil-bearing strata, there are, widely distributed over the 
earth, arenaceous, calcareous, and argillaceous .strata impreg¬ 
nated to a varying degree with bituminous or a.sphaltic 
matter. Some of the beds are permeated vvith a viscous 
semi-fluid substance, whilst others are only discoloured and 
exhibit no obvious indications of their bituminous charactei 
until chemically e.xamined. Many asphaltic rocks or tar sandt 
are merely outcrops of oil-bearing strata vvhere the evaporation ol 
the lighter products of petroleum has caused the concentratior 
of the le.ss volatile portions of the oil, or where the absence 01 
the necessary geological conditions to produce and retain 
petroleum has led to the production of a dense intermcdiat( 
product which saturates the bed and is retained in the porc-i 
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of the stratum. In many cases the whole bed is stained and 
darkened with a bituminous substance in a solid state, although 
the fissures and cleavage planes sometimes contain thin films of 
.solid or semifluid bituminous matter. 

Bituminous sands and limestones are usually impregnated 
with cS-i2 per cent, of bitumen, and where the latter occurs 
in a semifluid form with a low melting point its extraction i.s 
occasi(jnall\’ undertaken on a eoinmercial scale h\- boiling 
water, steam, or direct heating in cupolas. The bitumen can 
also be extracted in a pure state by treating the nrek with 
solvents, and this procedure is sometimes followed when a high 
grade bitumen permeates the beds. 

The mining and treatment of bituminous sandstones has 
been extensively eondiieted in the (hiited .States, and especi- 
allv' in California where hitumiiioiis rocks ahoimd, but few 
.such enterprises have been successful, owing to the large 
dciiosits of the crude native material which can he worked at 
a greatly reduced cost, and the cheap production of pure products 
from some low grade petroleum residuun..' 

Bituminous clays and shales are verv frequently found, in all 
yiarts of the globe, but usually, whilst they yicid a considerable 
volume of gas when heated, the liquid jiroduct rather partakes 
of the nature of a crude tar than an oil, and they are rarely 
treated on a commercial .scale. 

The Kiiropean asphaltic limestones largely quarried in 
France, Switzerland, and elsewhere for jjaving purposes, owe 
their usefulness to their purity, character of grain, and, to 
some extent, their regular impregnation with bitumen of suit¬ 
able melting points and tjuality for withstanding extremes of 
temperature. .Some of the a.sphaltic limestones in the United 
States contain as much as 25 per cent, of bitumen, but the 
irregular size: of the grains dimmishes their value for paving 
purposes. 

The asphaltic .sandstones, unlike the limestones, arc almost 

' For full details of suih operations, see tlie excellent publication of the 
United States Geological Survey, “ Asphalt and Hituniinous Deposits of the 
United States,” by Eldridge. 
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invariably sands in whicli the grains are cemented together 
by bitumen; and when the bitumen is removed by solvents 
the rock crumbles down to a sand. The amount and quality 
of bitumen impregnating asphaltic sandstones varies greatly, 
whilst the rocks themselves range between fine .sands to grits. 
Most of the great asphaltic sandstone deposits have resulted 
from original impregnation with petroleum, which has mostl)- 
escaped, leaving only o.\idised hea\y residues impregnating 
and di.scolouring the strata.' 

Bituminous, or tar sands a,s they are locall)- termed, cover vast 
areas in north-western Canada, where the\’ cTten occu]j}' a near!}’ 
horizontal position and in parts yield, under treatment, a petroleum 
of unusually light ilcnsity. .At some places luiuid oil oozes 
from outcropping strata and wells sunk in their midst give small 
yields. In Spain, Portugal, Algeria, Madagascar and other places, 
there are frequent occurrences of similar rocks that have been- 
examined with reference to ('il. In Portugal the njcks of Torres 
Vedras often contain considerable (juantities of liijuid products 
which ooze forth under the influence of summer heat. 

Burnt Bilunnnous Rocki. — Bituminous shales occasional!)' 
ignite spontaneOasl)', and a slow combiLstinn en.sues for a long 
time, causing the shales to be ’.Airnt or vitrified and converted 
into brick. Mc.ssrs Wall and Sawkins, when the-, made their 
extensive geological investigation of Trinidad in : S6o, reported 
the occurrence of a burnt red shale in many parts of the 
island which they nominated "porcelainitc" as it was evidently 
a clay which had been subjected to considerable heat as a result 
of a slow combustion which had permeated the beds. Decom¬ 
position of sulphur compounds was probably responsible for the 
spontaneous ignition, after which combustion continued slowly 
through the bed, converting it into a red porcelain or brick of 
sufficient hardness to be utilised for road construction on an 
extensive scale. The heat has obhterated all carbonaceous 
matter, but throughout the burnt shales arc to be observed 

' Full information concerning tlic composition and employment of asphaltic 
rocks fortroad-making %,given in Clifford Richardson’s “The Modern Asphalt 
Pavement.” , 
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innumerable, well-preserved impressions of leaves of plants with 
details beautifully delineated (see Fij,'. 23, Plate XXIII.)- Shales 
which have suffered such treatment are sufficiently hard to resist 
weathering and sea action much longer than the surrounding less 
durable rocks, and they have formed bold cliffs in several places 
round the south-western coasts of Trinidad. 

A locality in Barbados known as Burnt Hill is evidently 
another example of' the same action, slow combustion having 
converted a hill of bituminous shale into a hard brick-like 
rock, which has also been used for roail construction. 

Burnt shales have also been removed from wells in 
California at a considerable depth, thus showing that the 
proce.>s of combustion c.an spontaneously proceed without the 
assistance of air, even at great depths, Eldridge and Arnold 
thus describe the burnt shales of the Santa Clara district of 
California: “The siliceous shale and 'chalk rock’ forming the 
crest of the mountains south of the Santa Clara have at many 
points been burnt to a bright red colour. The fuel that 
supported such fires was perhaps tiie originally contained 
petroleum. Oppo.sed to this view, however, is the very con¬ 
siderable depth to which the shaii; has bSen altered to a 
brilliant red lava-like rock, hence ii may be inferred that 
spontaneous combustion alone has brought about the modifi¬ 
cation.” Burnt shales have also been reported in Athaba.sca. 

A somewhat similar phenomenon is nol unknown in 
England on the Yorkshire and Dorsetshire coasts, where Lias 
or Kimmeridge clays of a bituminous character yield a slight 
e.xudation of oil which occasionally ignites spontaneously, causing 
the surface of the cliffs to burn for a considerable time. 

Native Bitumens. —Quite distinct from hardened o.vidised 
surface seepages of petroleum, popularly known as pitch, asphalt, 
etc., which arc always contaminated with earthy and organic 
substances, arc certain ’high grade native bitumens of great 
purity, which are the product of actions other than atmospheric 
on petroleum during its passage along subterranean fi.ssures in 
which they are now found. The high grade native bitumens 
always appear as intrusions, and fill fissures and fault lines .in 
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strata overlying oil-braring strata ; and theft Ixi^yr^ce in a 
district may generally be regarded as an indicatiork of the 
existence of oil-bearing beds in the vicinity, although they may 
possibly be unimportant or at too great a depth beneath the 
surface to be worked or even tested. 

There are numerous qualities of such bitumens found in 
many parts of the world, their character depending upon the 
composition of the petroleum from which they were derived, 
and also upon the nature and rapidity of the absorption or 
escape of the lighter products, which has probably been the 
main factor in their formation after the intrusion of the original 
fluid. The bituminous minerals vary from hard, brittle, glistening 
substances to softer dull ma.s.ses, which even possess a certain 
fluidity and will gradually (low from fissures into an excavation. 
With the exception of ozokerite, wiiich is an almo.st pure paraffin 
wax and varies in colour from nearl)’ while to black, all the'’ 
native bitumens arc black and generally have a bright anrl even 
brilliant lustre. Their commercial worth depends upon their 
melting |)oints, insulating properties, elasticity, and freedom from 
impurities, and according to these qualities the minerals vary 
in value from £2 to /)'30 ($9.60 to ,'|;i44.00,1 a ton. 

The common native bitumens mined in tiie United States, 
Barbados, Trinidad, Russia, New Brunswick, Syria, Nova Scotia, 
etc., have almost without exception a specific gravity exceeding 
unity, and they are known under a great variety of terms, such 
as Albertite (after Albert Mine, New Brunswick), Manjak, 
Grahamitc (from Mr Graham, an operator), Impsonite (from 
Impson Valley, Indiana), Wurt/.ilite (after D. Wurtz), Gilsonit.e 
(after a Mr Gilson), Nigrite, Glance Bitch, and liilaterite. 

One of the most common varieties is that to w'hich Mr 
Clifford Richardson applies the exclusive term of Grahamite, and 
which he distinguishes as a pyro-bitumen in contradistinction to 
other minerals which exhibit different* behaviour when treated 
with solvents. The main features which characteri.se Grahamites, 
and render their recognition possible in the field, are their brittle 
and dull nature, Ijj^eir frequent columnar structure, and the 
closeness of their melting [)oin,ts and temperatures of dissoci^- 
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tion. The more valuable minerals, as Gilsonite and Manjak, 
melt and flow without decomposition at a moderate temperature, 
and when dissolved by solvents form products which, when 
applied to surfaces, are sufficiently elastic to prevent cracking 
under wide changes of temperature. 

The veins of native bitumens have a width varying from an 
inch or less to several feet, and occasionally they open up into 
cavities many cubic feet in volume. The edges of the mineral 
vein often partake of a pencillated or columnar structure to a 
depth of several inches, and when the vein penetrates clays, the 
clays likewise to a depth of .several inches are often characterised 
by a similar columnar form, evidently due to impregnation of 
material absorbed from the original bitumen-producing fluid. 
The veins often follow fault lines, whilst in other cases they 
penetrate fissures which deviate in .several directions, rendering 
their development difficult. The original liquid character of 
native bitumens is proved b_\' the occasional occurrence of pieces 
of unworn “country" embedded in the vein, as well as by the 
occasional penetration of liquid bitumen at points along the 
veins. 

Much gas is evolved during the mining o/ native bitumens, 
and masses are often ejected with violence from the working 
face by gas which has collected under pressure in the mineral. 
Professor Cadrnan has also proved that native bitumens absorb 
o.xygen from the air very readily, and as much care should be 
exerci.scd in ventilating bitumen mines, and in adopting pre¬ 
cautions against explosions, as in collierie.s.' 

Solid native bitumens are distinguishable from coal, which 
some closely resemble in appearance, by becoming viscous or 
fluid on the application of heat, and by their solubility in 
solvents, such as carbon bisulphide, chloroform, petroleum spirit, 
etc. Mo.st native bitumens* are also soluble in crude petroleum 
or heavy natural oil, .sometimes called Maltha. The superior 
quality bitumens mined in .Syria, Barbados, and Utah never 
occur in wide veins, and it is the less valuable materials known 

' See paper read before Institute of Mining; Engineers’ Annual Meeting, 
1908, by Professor Cadman, “ The Mineral Resources of Trinidad.’’* 
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as Grahamites (Albertite and VVurtzilite) that are often dis¬ 
covered in veins many feet wide. On heating the.se latter they 
do not melt hut intume.sce, and the constituent hydrocarbons 
break up with the production of gas, a residue of carbon 
resulting if the heat i.s continued ; but if heated with a pro¬ 
portion of heavy oil, in which they dissolve, disintegration is 
avoided, and a homogeneous product is produced. 

The ultimate composition of native bitumens is not far 
removed from that of heavy petroleums, but naturall)- the 
component hydrocarbons arc chiefl)- unsaturated, and conse¬ 
quently the bitumens are readily attacked b)- sulphuric acid. 
The following table gives the ultimate composition of a few 
native bitumens taken from Eldridge's " Asphalt and Bitnm.inous 
Rock Deposits of the United States,” and Clifford Richardson’s 
“ Modern Asphalt Pavement.” 


TABLE III. 

Composition of Rf.presf.ntative Nativp: Bitumens. 


Naluiearul Locality. 



Xitrogf'ii 0.\\ gc n 

Sulphur. 

Wurtzilite, Utah 

80.00 

12.23 

1.78 1 ... 


Gilsonite, Utah - - - 

,S« to 

9.96 

O.'J 


Albertite, Nova Scotia 

.S6,o4 

8.(/) 

-’■93 1 97 


Grahamite, West Vir^^inia - 

« 5-53 

13,20 

0.42 

1,20 

86.56 

8 . 6.5 

:: 97 

1.70 

Egyptian glance pitrli 

80,87 

10.42 

0.19 } ... 


Trinidad Lake bitumen 

S2.33 

10.69 

0.81 1 

6,16 


Ozokerite.-— O/.nkcrite, which is one of the most valuable of 
the native bitumens, is chiefly worked in Galicia, where the 
mineral fills fissures in much-disturbed clays in the neighbour¬ 
hood of the famous oil-bearing region of Boryslav. It evidently 
originates from a natural process 'of concentration, whereby 
certain liquid hydrocarbons of paraffin-bearing oils are abstracted, 
causing the accumulation of the residual solids in fissures, slip 
plane.s, and joint cracks of e.vceedingl)- disturbed strata into 
which petroleum had entered during subterranean disturbances. 
Ozokerite* is found inSsmall quantities in many di.stricts beside.s 
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Galicia, but nowhere in such large quantities, although important 
unworked deposits exist on the island of Cheleken in ±6 
Caspian Sea. 

Ozokerite has a specific gravity ranging from .850 to .950, 
whereas most other native bitumens have a density exceeding 
unity, 

The ozokerite mines of Boryslav arc now operated by modern 
hoisting machinery, and the mining is conducted by methods 
approved by the authorities. Ozokerite veins are found as 
yellow or dark yellowish-brown streaks or lenticles in dry 
compact clays. The clays show signs of considerable crushing, 
which has caused .shiny slip planes to be prevalent. The 
wax follows these slip planes, and is especially concentrated 
beneath strata of rock, which clearly show the prevailing 
inclination of the strata as about 70°. Several working faces 
examined by the author, when he descended the mines in ipiji 
showed veins which did not exceed an inch to .several inches in 
thickness. This material was yehow in colour, quite plastic, 
and could be kneaded into any shape b" hand. The miners 
cast the purer wa.x into bags placed for its reception, whilst 
the surrounding clays are thrown into trucks and transported 
by a light tramway to the main shaft. 

All the clay in the vicinity of ozokerite veins is impregnated 
with ozokerite, its extraction being effected by boiling the crushed 
material in water at the surface of the mine. The absorbed 
wax melts and floats on the surface of the water, from which 
it is periodically skimmed and run into moulds. 

Very little water percolates into the mines, and there are 
fewer exudations of petroleum than would be anticipated within 
the confines of .such a prolific oil-field. At a few points semi- 
.solidified oils do issue from crevices and slip planes, proving the 
intimate as.sociation of the- two minerals. 

Betroleum gas of a. distinctive odour is freely evolved at 
the working faces as the mining proceeds, but its percentage 
is kept to safe limits by artificial ventilation. 

Crushed oak timbers, used as supports to the galleries, bear 
te.stimony to the crushing forces involved, and it is,the need 
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for such elaborate and expensive timbering to support the 
workings that causes the extraction of ozokerite to be attended 
with so little profit when market prices fall. 

In 1911 the author inspected the ozokerite mines of 
Starunia, Stani.slau, Galicia, where vcr\' similar conditions were in 
evidence. A descent could 'inl\- be made by a ladder in a 
.small shaft, which had been thrown considerably out of vertical 
at several points. The descent was rendered more disagreeable 
by the constant!)' dripping water and oil which e.xudcd at 
many points from the surface downwards. 

As in Roiyslav the wax occurred in numerous slip planes 
amidst highly inclined clays, showing ever)' evidence of subjection 
to great strains. The cla)'s in the vicinity of wax i-eins were 
impregnated with wa.x, which could be removed by boiling water. 

Earth movements were evidently continually in progress, as 
massive oak supports were slowly crirshed in all directions, 
necessitating constant repairs and attention to keej) oiren the 
workings. y\rtificial ventilation was necessar)' to maintain an 
atmosphere which would support life, and stringent regulations 
were enforced to prevent an explosion of the inflammable mi.xture 
w'hich must often be produced, borings sunk in close pro.ximity 
to the wax mines had )'ieldcd small productions of paraffin oils 
at increased depth.s, again demonstrating the close relationship 
of the two products. 

Saline and Sulphurous Waters. —Few oil regions in the 
world are devoid of waters charged with salt and sulphur 
compounds, and they frequently contain traces of iodine and 
bromine, and some e.xhibit, it is claimed, distinct radiir-active 
properties which, singly or collectively, attach to them a high 
medical value. Oil-field waters have not hitherto received the 
consideration they deserve, for their careful investigation and 
comparison might bring to light facts bearing on the origin of 
petroleum and its subterranean movements. 

Most oil wells yield .some water with the abstracted oil, 
and it is generally of a greater density than sea water, and 
contains a higher percentage of chlorides, and often of lime and 
magnesia.. The high {fcreentage of chlorides has been explained 
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in two ways—first, by the greater solubility of .chlorides than 
.sulphates, and consequently the deposition of the latter in con¬ 
centrated solutions ; and secondly, by the reduction of sulphates 
to metallic sulphides as described In- lloefer. Iron pt'rites is 
very prevalent in oil-bearing strata. In contradistinction to the 
saline tvi)e of oil-field waters there is the alkaline class met 
with in the Wvoming or some other oil-fields of the we.stern 
states of America. 

Such waters are rarely suitable for condensing pur|)oses or 
boiler u.se on account of the flint-like incrustations that form even 
when boilers are liberally blown off Heavy flows of such waters 
mav occur when drilling in oil-fields, the election being sometimes 
due to artesian effect, and sometimes to association with natural 
gas, that lightens the column sufficient!)- to raise it to the 
surface. 'I'hc temperature ma\' be normal or high, and in 
the latter case may be due either to chemical action or ascent 
from great depths. 

This intimate and usual association ol petroleum with salt 
naturally sugge.sts the occurrence of th< missing product where 
the other is present. It was the search for brine that led to the 
discovery of petroleum in the United States, and induced Drake, 
in 1859, to sink a well for petroleum. Operations which led 
to the discovery of oil at Spindle Top, Texas, and so disclo.sed 
the jjossibilities of the Ciulf district, were being conducted for 
salt, and in Russia, China, and other countries, brine was the 
object of search and not petroleum, which latter subse(]uently 
monopolised all attention. 

Rock salt is the central core of the numerous dome.s of 
Texas, Louisiana, and Mexico, from which such vast supplies of 
oil have been obtained, and in Roumania it constitutes the 
central bod)’ of some of the great oil-fields of that country, 
whilst the Saliferous (Miocene) serie.s, a group always charged 
with salt, is inextricab!)’ associated with all the oil-fields. In 
the Ural-Caspian area of Russia massive rock salt occurs in 
the oil belt, and scarcely an oil di.strict could be named where 
saline waters have not been recorded. 

Issues of water from the edges of domes and ffiitciopping 
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oil beds often cause salines, salt-licks, or salsas, where evaporation 
causes a deposit of salt at times in sufficient quantities to 
stimulate a local industry. The slow evaporation of such 
waters sometimes causes the .salt to crystalli.se in clusters of 
rose-coloured crystals of great beauty. 

Enormous flows of salt water have occasional!)- occurred 
in oil districts when drilling for oil. The famous well of Dos 
Bocas, Mc.vico, which in 1908 gave 400,000 tons (2,800,000 
barrels) of oil in two months, eventually ejected onl v s.alt water at 
a temperature of 160' F., the flow being estimated at from 
35,000,000-50,000,000 gals. dail)-. .'\ characteristic sample of 
water from a Baku oil well gave the following results on anal)'sis:— 

.•\N.\i,v.sis OF Russia.n (B.\kii) Wki.i, W.-OrKR. 


('r.iins p^r Gallon. 


Total solids dried at 130“ C. 

3209.50 

Chlorine (Cl) - - - . 

tfiSooo 

Nitiic acid (NO ) - - - 

0.90 

Sulphuric acid (SO,» - 

Trace 

Carbonic acid (CO.,) 


Iron (Fe; - . - . 

0.91 

Calcium (Ca) - - . . 

5-S8 

Magnesium (Mg) 

17 s.-) 

Sodium (Na) 

ii5j.S5 

Aluminium ( + lutle iron) (Al; 


Sodium chloride ;NaCl) 

27 r, 8 . 45 - 


The following analyses of three t)'pical Burma oil-well waters 
are abstracted from a number jiublishcd b\- i’ascoc.^ The results 
are given in grains per gallon. 


('omposttiot' 

^ fiiangyaunj,' i 

^ eiiaiigy.niiicf 

\enanpyai 

Suspended mailer - 

jo-Vj 

136.25 

52.60 

Magnesia (MpO) 

5 -Vi 1 

T race 

I.JI 

Lime (CaO) - 

S.2I ; 

6.74 

8.11 

Soda (Na.jO) ■ 

2 2b.01 

294-43 

252.07 

Potash (K» 0 ) - 

O.-t.) 

1-2.29 

'Trace 

Chlorides as Cl - - 

1.40 

161.70 

230.00 

Carbonates as CO., - 

76.10 

• 106.30 

25.47 

Sulphates as SO,, 

Nil 

Ni'l 

Nil 

Ammonia j 

0,99 

0.66 

0.91 

0.68 

0.59 

0.59 

Oxidisable matter - 

7 -to j 

10. ;o 

7.05 

Volatile organir matter ^ 1 

. \ 1 

17-34 i 

7.54 

n.27 


’ “Oil Fields of Burma’' Pascoe. 
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Waters charged with sulphuretted hydrogen are particu¬ 
larly common where inclined or disturbed oil strata outcrop, 
or approach the surface. Their issues can be readily detected 
by their injurious effect on vegetation with which they come 
in contact, and the peculiar slimy black or grey flocculent growth 
that clings to objects over which the water flows. Repulsive in 
odour and appearance, it is curious that these waters are often 
particularly soft and pleasant to wash or b.athe in, and they 
are harmless for consumption, and very useful for boiler feed 
pur])osc.s. 

Sulphurous waters abound in the Baku, Grozny, Berekei, 
and Raikent districts of Russia. 1 hey occur in the oil-fields 
of Rouinania, Galicia, Burma, Ivast and West Indies, also Fe.xa.s, 
Louisian.'i, and California ; in fact, in ncarl)- all oil regions of the 
globe. The hot s|irings ol Grozii)’ and Kaikent are much 
frequented by patients seeking relief from skin di.sea.ses and 
rheumatic ailments. It is interesting to note that the sulphur 
sjjrings of Torres Vedras and t aldas da Rainha in Portugal 
issue from rocks ol a bituminous character, in certain parts con¬ 
taining oil, whilst those of Salsamajore in Ital)' are derived from 
a petroliferous formation ; indeed, both gas anij oil are extracted 
from the water before it is led to the bath.s. 1 wo natural sulphur 
springs in Trinidad near fiuay.aguayarc and Point-a-Pierre are 
associated with oil rocks, and indicate a temperature of about 
93' ]•'. The daily flow of the latter spring is estimated at 
about 40,000 gals. 

I'lows of hot sulphunius waters have been struck at Grozny, 
Berekei, and on the island of Cheleken when drilling for oil , 
some of the waters at the latter place were so hot that drilling 
could not be continued. Two wells on plots 37 and 40, in the 
Grozny oil-field of Russia, yielded each 150,000 gals, of 
sulphurous water daiU' at "a temj'cratiirc of 104 and 117 
respective!)', ;uid they were popularl)' frequented b)’ the peasants 
for their ablutions. 

Seepages of sulphurous waters frequently occur in fractured 
zone.s, and along lines of fault ; indeetl these latter are commonly 
traced in the absence of geological evidence by a line ot seepages. 
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Areas approaching exhaustion in the Baku oil-fields were observed 
to yield increasing quantities of sulphuretted hydrogen, and 
more water x'apour \\-as noticeable with escaping gas. 

The origin of sulphur in oil is not understood, as it appears to 
be connected with both primar)- and secondary oil. Iron pyrites 
is \’ery common in oil-bearing formations, and its decomposition 
may have provided material for the production of other sulphur 
compounds soluble in or combining with the oil. On the other 
hand there is the sugge.stion that iron p)Tites and sulphur are 
products of the reducing action of oil on sulphates. b)’- 
product of the suggested reaction is carbon dioxide, which might, 
in the presence of water, cause first solution and subseiiuentU- 
re-deposition elsewhere of carbonate of lime. 

During the great eruption at J'irin, Trinidad, in 1911, great 
quantities of iron pyrites were expelled, and a well at San 
(ihristobal in .Mexico repeatedly plugged with sulphur when 
heated to loosen the viscous oil that was thought to prevent the 
free inlet of oil. Some crude petroleums, as those of Te.xas, 
Mexico, I'igypt, anrl Tersia, and e\-en the high grade doloinitic 
oils of Lima - Indiana, contain enough sulphur products to 
necessitate special,treatment for its extraction. 

Some of the oil-yielding limestones of Texas and Louisiana 
contained beds of crystallised sulphur, and in the .search for 
oil great thicknesses of .sulpluir-im]rregnated limestones ha\e 
been pierced. An important .sulphur-producing industry has 
sprung up in the Calcasieu district of Louisiana, where an 
ingenious process has been dexa.sed to abstract anil expel the 
sulphur impregnating the lime.stones. Wells arc sunk into 
the sulphur-bearing limestone and superheated water is forced 
down between a lo-iti. outer casing and a 6-in. inner one. The 
outer casing is perforated, allowing the water to pass into the 
rock, where it melts the sulphur, allowing it to sink to the base of 
the wells, from which it is rai.scd through .the 6-in. casing by com¬ 
pressed air. Single wells are said to have )’iclded as much as 
400-500 tons of pure sulphur daily, and as much as 60,000 tons 
i.s said to have been raised from one well. Some of the lime¬ 
stones aro reported contain 70 per cent, of sulphur. 
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Oil Shales. —Under the general designation of oil shales 
are to he found, in jnany countries, carbonaceous or bitumi¬ 
nous shales which yield, when subjected to heat, hydrocarbons 
close!)’ leseinbling those constituting native petroleum. Oil 
shales do not contain oil or substances soluble in oil solvents, 
and are composed of fine argillaceous .sediments through which 
is disseminated organic matter which often imparts to them a 
dark or even black tint anrl reduces their specific gravitv*. The 
petroleum is produced b\- the distillation of the shale, during 
which o|)eration part of the embedded organic matter is 
volatilised and afterwards conden.sed, e.vcept such portion as 
forms a permanent gas, for subsci|uent distillation and re¬ 
fining, when the constituent hydrocarbons .suffer further 
changes. (lood oil shales contain from 20 - 30 per cent, 
of \-olatile matter and will )ield, on careful distillation in 
modern stills with steam, from 20 - 50 gals, of oil per 
ton, le.iving as a residue shaly matter in no way resembling 
coke although it retains so.ne fi.xcd carbon. The e-Ktensive 
and remunerative treatment of oil .shales in competition with 
natural oils has only been made possible by the well-sustained 
liigh price of sulphate of ammonia, winch latter is pro¬ 
duced b)’ using waste sulphuric acid from the oil refinery to 
combine with ammonia liberated from the shale during 
distillation. Some shales, such as the famous Torbanite 
mineral, first treated for oil in Scotland, and the kerosene 
shales of New South Wales, partake more of the nature of a 
coal, yielding 60-75 P^r cent, of volatile matter and 6-16 
per cent, of fi.ved carbon. Such shales yield from 80-120 gal.s. 
of oil per ton. 

The Scottish oil shales, so largely worked in the W'cst 
and Midlothian district b\’ some si.v large companies, arc 
found in .seams from • 1-8 ft. thick, lying in .synclinal 
basins of the Carboniferous .System (Calciferous Sandstone 
.series), and they x'icld when subjected to distillation from 20- 
40 gals, of oil and the equivalent in ammonia water of 
30-60 lbs. of .sulphate of ammonia a ton. Shales which 
yield the most petroleum on distillation usually, give the 
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least yield of ammonia water, and vice versa; but the nature 
of the product depends also upon the retort, and temperature of 
distillation, and the quantity of steam admitted to the retorts. 

Where shales have come under the influence of intrusive 
volcanic rocks, which have been thrust into their midst in a 
heated state, a natural distillation has ensued, causing the 
shale to assume a “ spent ” or barren character, and the 
generated liquid and gaseous hydrocarbons have sometimes 
impregnated neighbouring beds and fissured ground. Under 
such circumstances considerable quantities of liquid petroleum 
and gas have .sometimes accumulated both in the volcanic and 
sedimentary rocks, and been ejected with force when the 
vicinity was tapped by bore holes or mines. In some 
cases the fluid petroleum has been drawn into the pores of 
intrusive rocks as the lieated mass cooled and cau.sed the 
formation of a partial vacuum in the pores of the rock.* 

The .shales vary considerably in quality throughout their 
thickness, and a fair average value can only be secured b)’ 
making a .series of analyses from each few inches of depth and 
averaging the results. 

In the Geological Survey's publication, “ The Oil Shales of 
the Lothians,” the cliaracter of the Scotch oil shales is thus 
described :— 

“Oil-yielding shale, as known in the Lothian.s, is a fine 
black or brownish clay-shale with certain special features 
which enable it to be easily distinguished in the field. 
Among Scottish miners it is termed ‘ .shale,’ and the strati¬ 
fied rock described b\' geologists a.s ‘ carbonaceous shale ’ is 
distinguished as ‘ blaes,' from the bluish colour which it often 
assumes, especially when decomposed into cla)-. This dis¬ 
tinction is a convenient one in several ways, and will be 
adopted in this Memoir. 

“ These two types are readily recogni.sed in the field, but 
bituminous blaes may graduate into regular oil shale in such 
a way that it is impossible sometimes to draw the dividing 

. 'See Sir Archibald <;eikie’.s “Text Book on Geology”; also Memoirs of 
Geological Survey, “The tlil Shales ulThe Lothians.” 
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line between them. Bituminous blaes, if fairly rich in 
ammonia and volatile hydrocarbons, may pass for shale if a 
practical test proves it to be workable for oil and ammonia 
on a profitable scale. As a general rule, gopd oil shale can 
be distinguished by its brown streak, toughness, and resistance, 
to disintegration by the weather. Ordinary black blaes is 
more or less brittle and often gritt)-, and when exposed to 
the air it cracks and crumbles into fragments which ulti¬ 
mately revert to their original condition of clay or mud. 
Oil shale, on the other hand, resembles hard, dark wood or 
dry leather, and its qualih' in the field is measured by the 
degree of facility with which it can be cut and curled up 
with the edge of a .sharp knife. It is free from grittincss, and 
is often flexible as well as tough. Some seams, .such as those 
that crop out on the shore at Society, near Hopetoun House, 
instead of breaking up like blaes, form slabs sometimes a couple 
of feet in length, and are washed about and the edges rounded 
by the wa\ cs. 

“Miners draw a distinction between 'plain' and 'curly' 
shale, the former variety being flat and smooth, and the 
latter contorted or ‘ curled ' and polished or glos.sy on the 
squeezed face.s. The same .seam may be partfy plain and partly 
curly ; and curl}' beds arc often richer in oil than the plain 
portions. Shale is probably curly because it is rich, as the 
higher percentage of hydrocarbon in some beds may have 
rendered them more easily crumpled than the stronger but 
poorer bands alongside of them. 

“ In internal structure oil shale is minutely laminated, which 
is apparent in the ‘ spent shale' after di.stillation, when it is 
thrown out in fragments composed of extremely thin sheets, 
like the leaves of a book or flakes in a piece of pastry. 

“ In thickness the shale scams vary greatly. At certain 
localities they disappe^ir and pass into ordinary carbonaceous 
blaes, and at others they swell to 6, i o, or perhaps 15 ft. in 
thickness, with subdivisions of barren blaes or ribs of hard 
calcareous or quart/.o.se ‘ kingle.' ’’ 

Some oil shales from the province of Castellon, Spain, 
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examined by the author’s firm, showed a considerable variation 
in the yield of oil at different levels in a bed only 4 ft. thick. 
Samples of .shale showed 22 per cent, of volatile matter, of which 


6-8 iJer cent, was water and 

S-io per 

cent. \\a.s non-condensible 

ga.s. A sample of the Castcllon shale 
on analx'sis :— 

gave the ft.llowing results 

Analysis o ] 

Sl'.tKlSIl Su.tLK. 

Crude oil - 


13.5 gaL. per ton. 

Ammonia, etjual to lbs., ol 

Milphale of 

ammonia per tun. 

Spirit 

sj). ”r. .700 

5.3 ^alb. per ton. 

I.amp tnl, first (jualiLy 

., .S3.S 

1-1-40 .. 

„ second ([uality - 

.st.4 

[490 .. 

Cas oil 

.90O 

16.22 

Cleaning; oil 

.918 

2.60 „ „ 

Lubricaiinj^ oil 



Scale 


3-7 

Total rehned wa\ 


4 j)cr (ent. 


Oil from one of the Ihoxhuni scams of shale ^ave the 
followinj^ commercial products on treatment in the refinery :— 


Crude Oil ibettinj^^ point. 89 1 '.; sp. gr 

..S 7 J 


Naphtha .spirit 

.740 

1.36 per cent. 

burning oil - - - 

Sio 

4 f 60 ,, 

Medium oil - - - 

.H 4 <) 


Lubricating 01! 

.s(i; 

10.30 


.8.S3 

10. '/8 ,, 

Solid paraffin imelting point, ir_C 1 •' 


10.32 

Total products 


68.72 pe. cent. 

Loss in refining 


31.28 „ 

\iial).scs of certain Asia Minor 

shales 

i;avc the followin 


results ;— 

Anali.sks ok AsrA AIinok Oti, Sii.m.es. 


Hygroscopic moisture, per cent. 

v 65 

55 

4-95 

j-95 

Volatile matter, per (ent. - 

15.50 

21.80 

-.5 75 

17.25 

Fixed carbon, pei cent. 

(). 50 

5.05 

6.25 

7. So 

Ash, per cent. 

72.35 

66.60 

65. 

41.88 

71.00 

Oil in gallons, per ion 

30.24 

41.66 

’ 30-75 

Specific gia\ity oil at 60' h. 

.91a 

.900 

.876 

, '914 

' Nitrogen in terms of lbs. of 

3 CX5 

7.12 

7.60 

7.12 

Am.jSOj per ton of shale 

1 Melting point of (rude distillate 

S2“ F. 

81 K. 

8i‘ F. 

85° K. 

' Distillate up to 200" C., per cent. 

'■4 

S-5 


... 

„ 200 C. to 250“ C., „ 

15.2 

9.5 


i 

„ 250 C. to 300'' C.,,, 

7.8 

12.0 


... 

„ Above 300" C., ,, 

03 -S 

59.0 


... 

- 

— 


- ^ 

1 __ 
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Some New Brunswick shales gave the following average 
results on analysis :— 


Average Results of Analyses of New Brunswick Shales. 


Hygros< 0|)ic moisture, per (ent. - - -2'' 

Volatile matter, per cent. - - - - 28 o 

Nitiopeii in term.s of lbs. of Am.,SO„ per ton - 41.0 

.Specific 1,'ravity of oil - - - . . 

Flash point - - - . . 102.0' F. 

Setting point - - - . - 20.-5 F. 

Distillation up to 150'per cent - - - lo.i 

SpeciHc gravity of distillate - - . . .yy2 

Distillate between 150 (’. and 300" C , pei i cm. - 40,4 

Specific gravity of distill,ite - - - .845 

Sulpluir in Cl tide, per cent. . . _ . 2.20 

Paraffin wa.\, [)cr cent. - - - . - 1.7 


Interpretation of Surface Indications. —There has been a 
tendency in modern literature to disparage the value of surface 
indications and to indulge in needless platitudes concerning 
the construclitin that should be placed on phenomena admitting 
of simple interjiretation and application. There is no mystery 
in the association of surface indication.s to oil-field structures and, 
notwithstanding ;tll that has been inferred to the contrary, it is 
amidst the greatest surface manifestations that many of the mo.st 
imiiortant oil-fields of the world are located. Until recent 
years, when detailed geological surveys of oil regions have been 
undertaken, and sequence of beds established by paheontological 
study, locations were largely' determined by surface indication.s. 

No more grave error can be committed by' geologists than to 
draw sweeping deductions from data collected and applied with 
some success in limited areas. Many quite cafiable geologists 
have been misled into unqualified declarations, quickly falsified 
by events, and it is such unnecessary and reckle.ss pronounce¬ 
ments that have brought. geologists into disrepute in some 
fields amongst certain glasses of operators. It must not be 
forgotten that there are lateral limits to lithological character 
and oil formation conditions, quite apart from structure, which 
might continue ideal if this claim were the determining factor. 

Exudations of oil and gas, or accumulations of., asphaltic 


14 
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substances, correspondi'nfj to the line of crest of an anticline, 
however complex in sections, cannot but be regarded with interest. 
If all evidence of structure were concealed by overburden, such 
a strip of indications would amply justify prospecting. Carefully 
compiled logs of wells will gradually evolve the nece.ssary data 
to form sections. Widening or narrowing of the indications 
suggest possibilities that can be applied in the fixing of well 
site.s, and deflections in direction afford data for further con¬ 
jecture. With little or no structural data it is .sometimes 
possible to draw deductions, which, if intelligentl)- applied, will 
reduce the chances of failure to a minimum. 

Reference could be made to numerous cases where conclusive 
geological knowledge has led to failure, and wells have been 
relocated on purely surface evidence of oil with great success. 
In fact it is an error into which the author has himself fallen 
on several occasions, for there is always a temptation to locaje 
sites in new fields at points where it is estimated certain sands 
will be reached at a calculated depth. Two factors have upset 
calculation. Either the dip of the beds has exceeded that 
estimated from surface exposures, or undisclosed strike faults 
have greatly modified the depths, and in some cases unknown 
mechanical difficulties have prevented the calculated depths being 
attained. 

Prospectors in new fields should keep in view tu'o points. In 
Tertiary oil-fields, oil is rarely confined to a single stratum or 
even .several beds, and outcropping sands must not be considered 
to repre.sent the vertical limits of an oil-bearing series ; con¬ 
sequently, wells sunk amidst outcrops and e.xudations will 
generally strike deeper sources, often at inconsiderable depth. 
Modesty in depth should be encouraged in the location of 
prospecting wells in new fields, as drilling difficulties may be 
brought to light that necessitate considerable modifications in the 
plant to ensure great depths being attained. 

In the absence of all geological .structural evidence, converging 
or diverging lines of indications naturally support the view of 
pitching anticlines, and careful mapping of such outcrops often 
divulges 'invaluable V'^a, 
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Anticlinal flexures, yielding little but regular indications of oil 
and gas at intervals in their course, occasionally present unusual 
local displays of surface indications that require some explanation. 
It is generally found that such points correspond with deflections 
in the course of the anticline, and that the area of their occurrence 
is much fractured and broken up. .Such occurrences lead one 
to treat these areas with suspicion, and there is a flisposition to 
give them a wide berth, but it is not unlikely that in some 
cases increa.sed saturation has resulted from a combination 
of doming and fissuring. Uncertain or erratic results are to be 
anticipated at such points, but this does not preclude the 
likelihood of good or even exceptional results being obtained. 

Visible indications of oil should never be definitely discarded, 
however unsuitable the apparent structure. The great Bibi-Eibat 
oil-field of Russia was first operated amid.st seepages, and that 
initial area always proved the richest ; as this original area 
was receded from the productions were less. Urosny was opened 
iij) by a well sunk amidst surtace indications, and the vicinity 
of the original well has alwajs maintained its reputation as 
the richest in the entire field, corresponding, in fact, with the 
point of maximum elevation of the anticline. By far the mo.st 
important oil-field of Burma originated amidst oil seepages, and 
the richest one coincides with the chief surface manife.stations, 
and the highest point of the anticline. Development in California 
mainly followed jictroleum .seepages until geological inve.stigations 
furnished the missing data. Mo.st of the important Roumanian, 
and the famous Boryslaw field of Galicia were first decided upon 
entirely in consequence of surface indication.s, in .some ca.se.s 
against geological advice. 

Flattened crests or dome formation.s may bring to the surface 
considerable masses of alrno.st horizontal oil .sand presenting an 
extraordinary fine showing' of seepages and asphalt deposits, 
which in no way detract from the value of the underlying beds, 
probably equally rich. Such a condition represents one of the 
rich areas in Trinidad that was quite neglected except by a 
few who appreciated its potentialities. 

Exudations of oil bear direct and conclusive te.stilnony to 
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the existence of petroleum, a d experience will enable one tn 
judge of the relative importance of such exposures, but with 
gas issues and brine springs and sulphur waters, an estimation 
of their value as an index to oil is less easy. .An analysis of 
the gas gives some clue to its origin. If composed solely of 
methane or methane with carbon dioxide or nitrogen, its associa¬ 
tion with petroleum is less obvious than if it contains other 
hydrocarbons higher in the series, and condjiisihle under pressure 
and reduced temperature. The above test is nut conclusive, as 
.some ga.ses from oil sources are mainh- methane, or the origin 
of the methane ma\- be a source above an oil series, representing 
in realit}’ either a migration product or the [iroduct of a .source 
high up in the oil series, or, as it were, introductory to the 
oil .source. 

Even the occurrence of h)'drocarbons other than methane is 
not conclusive evidence of the exi.stencc of petroleum, as ,.in 
many oil regions there are defined and separated oil and g.as 
belts or even horizons in the same sequence, }-ielding true oil 
gases only. 

It should not he overlooked that oil seepages and asphalt 
deposits arc evidence of loss of oil, and onl)' constitute pi'csumptive 
evidence of further supplies when the flow lias not yet ceased 
or the source is still not exhausted. There an, rea.soiis for 
supposing that considerable quantities of oil have thus been 
lo.st in the past. Pebbles of hard ozokerite liave been discovered 
in .some of the more recent deposits of the island of Cheleken 
in the Caspian Sea, proving thereby that seepages had occurred 
for considerable periods; nevertheless, neither these prolonged 
losses nor the e.scape of enormous volumes of oil that combined 
to form the product contained in the Pitch Lake of Trinidad 
exhausted the neighbouring sands. 

One may confidently assume that the undisturbed oil-facies 
of, say, the Appalachian oil-field, in spite of its geological 
antiquity, has retained a much greater proportion of its original 
oil contents than have the distorted Tertiary oil belts. The 
latter type of oil-field probably required much more favourable, 
and coifsequently %nuch more rarely developed, structural con- 
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ditions for the preservation of commercial ciuantities of petroleum. 
A reason is thus furnished for the observed restricted e.vtent, 
and yet on the other hand highly prolific character, of Tertiary 
oil-fields compared with those of I'akeozoic or Mesozoic age. 

Surface indications must be correctly interpreted before 
drawing deductions. Asphalt deposits are usually derived from 
seepages of oil, and it is often surjjrising what an imposing 
display is produced b)- an insignificant seepage of oil. Instances 
could be named of companies formed to e.xploit asphalt deposits 
that nowhere c.vcceded a few inches in thickness, and in the 
aggregate rc])resentcd but small quantities. .Superficial asphalt 
bodies usually constitute the o.vidiscd residues of escaping films 
of oil that onl)- indirectly communicate with the seat of their 
origin. .Sometimes they arise from e.vudations of oil from out¬ 
cropping oil sands, but much more freiiuently their extended 
occurrence is misleading to a novice. There are in some 
countries considerable thicknesses of sediments almost every¬ 
where characterised b)- sweatings of petroleum, but nowhere 
yielding pa^'able quantities of oil, In cc nsequence of the absence 
of some essential litliolngical or other feature. The very 
prevalence of oil seepages will dictate caution to an experienced 
prns])ector until lie has (]uite satisfied him.self on the relative 
age and extent of the strata amidst which they occur. 

Veins of native bitumen must be regarded with .suspicion 
as indicators of pavable oil. Thai the>- occur within tlie 
confines of oil-fields cannot be denied, but they much more 
frequently hear but a remote relationship to commercially pro¬ 
ductive oil sands. The Grahamite of Trinidad, the Albertite 
of New Brunswick, and the numerous other worked veins rarely 
directly communicate witli oil-fields, although they are often in 
tile region of .such ; liut they do prove the occurrence of 
petroleum, and therefore must lie regarded as a guide in its 
search. It is worthv o*" note that ozokerite fills fissures and 
impregnates clays overlying the main oil sources of Boryslaw, 
Galicia, and that at McKitlrick, Gafifornia, Grahamite veins 
may be observed in close pro.ximit)' to productive oil wells. 
With a few e.xceptions onh', the author is unaware of the 
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extensive occurrence of native bitumens within the confines of 
important oil-fields. 

Oil seepages and their allied phenomena are attributable 
to the following cau.ses :— 

1. Outcrop.s of oil .sand.s generally along denuded anticlines 
or monocline.s. 

2. Escape from uiicxpo.sed oil .sands beneath anticlinal crests 
through the medium of joint cracks or slip planes. 

3. Strike, dip, or oblique faults, each detected by the relation¬ 
ship of the .seepage to the general structure. 

4. Igneous dykes or necks and saline <loinc.s. 

5. Mud volcanoes, which are gcncralK' cs|)ecially prevalent 
or important in dimensions wheie anticlinal flexures change 
their direction. 

6. Unimportant but fairly regular impregnation of large 
masses of strata. 

Even if the whole series of oil-impregnated beds is exposed 
on the surface, its study is useful in |)nividing a clue to the 
identity of the beds in more favoured localities, where there 
might be no evidence of their character and extent to aid one 
in determining tjieir value. Where there is no clue to the 
character of the source of the oil seepages, as in ca.ics 2, 3, 4, 
and 5, their extent and nature must be c.xamined, and experience 
alone will enable their importance tis indicators of remunerative 
oil sources at workable depths to he determined. Prospectors 
experienced in Tertiary oil-fie'ds will quicklv a.ssign a v’aluc 
to various phenomena. 

Brine and sulphur water springs need not necessarily' be 
a.ssociatc(l vvitli petroleum, but they are so frequent in oil regions 
that their occurrence should not be disregarded. They are 
e.specially [irevalcnt in faulted regions, indeed their presence is 
often indicative of a line of fault in 'oil-bearing strata. Regions 
exhibiting these features .should be carefully examined for ga.s 
and oil scepage.s, and if these latter are found, their a.s.sociation 
may be accepted as established. 

Tar sands, so-callcd because the sands arc impregnated with 
a heavy,‘viscous, selltiiluid mass, often softening during exposure 
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to the midday sun, are fairly widely distributed in Nature, and 
are occasionally quarried and treated for their bitumen contents 
or used for road dressing. Such tar sands in some regions 
repre.sent the outcrops of true oil rocks that yield asphaltic oils 
at depth or where suitably inflected, but in other cases they are 
in no way associated with true oil-bearing strata. Outcrops of 
the rich oil-hearing sands in the region of the great oil-fields of 
the world are often darkly stained sands that betray no very 
obvious indications of petroleum. At other times they display 
the common phenomena as.sociated with oil on a stupendous 
scale ; ma.sses of asphalt, pools of oil, exudations of gas occurring 
for miles along the strike of the bed.s. Camping in a tropical 
jungle amidst such .surroundings is a weird experience, the still¬ 
ness of the night being broken by curious noises cau.sed by gas 
forcing its way through resisting ma.sses of asphaltic residues. 

Caution should be exercised in estimating the commercial 
worth or productive value of oil deposits merely from surface 
indications. Neither the quality of the oil nor the quantity 
can be even approximately forecasted from such meagre data, 
and a whole series of unknown factors introduce so many 
elements of doubt in calculations that their value is obviously 
valueless, yet capable of many constructions. A repetition of 
conditions existing in proved oil-fields of commercial worth, and 
the certain occurrence of strata elsewhere of a known oil¬ 
bearing character, is often sufficient to recommend prospect 
drilling when the evidences of oil are nil, but the direction of 
maximum lateral variation and the po.ssibility of unconformities 
should be kept in view. 

Prospecting for Petroleum.— Whilst attention is usually 
first directed to likely oil territory by reports of oil .seepages and 
allied phenomena, or more rarely by adventitious finds whilst 
drilling for water or other minerals, it is geological knowledge 
that in modern days eventually .solves the problems involved in 
the prospecting of oil territory, (icological information must 
necessarily be vague in countries that have never been surveyed 
or geologically examined, and in many ca.ses it is the drill that 
is relied upon to disclose data that might reejuire years of study 
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over vast unpopulated areas for their accumulation otherwise. 
“ Wild-catting" is a recognised and commendable practice when 
definite geological data are unobtainable owing to the occurrence 
of overburden, to the horizontality of beds over extensive areas, 
or to other causes. Oklahoma largel)’ owes its great prosperity 
in oil to enterprising operators who have drilled test wells far 
away from proved territory with the sole encouragement that 
beds of an age elsewhere productive of oil would be penetrated 
within certain reasonable vertical limits. Often the oil sands 
were absent or barren, and the money einplo_\’ed in the work 
lost, but at other times oil-bearing sands of variable value have 
been struck. In some cases new sand bodies liave been struck 
that were unknown to geologists, and non-e.vistent in the original 
areas of development. 

The development of most oil-fields jjrovides the key to 
extended prospecting, and fre(jucntly results in the di.sclosure of 
unsuspected oil-bearing sand bodies. Careful le\'clling and the 
study of well logs will enable scientific operations to follow 
thickening sand bodies and evade thinning out or disappearing 
sands, and approach to the limits of irregular lenticles nia_\- be 
noted. Under the best geological advice risks must be run, as 
nothing but drilling will definitely estaljli.sh the values of under¬ 
ground strata subject to so many variations that modify their 
value. The Moreni (Hana) oil-field of Koumania v\’as developed 
again.st geological advice after some preliminar)', unsucce.ssful 
shallow tests, and the importaiH Chiciura district of the same 
country was proved by an operatr)!' who declined to accept 
tendered recommendations. Only recently the author, in his 
professional ca[)acity, advised a trial well based on very meagre 
data, and almo.st in de.s|)eration, with the result that unknown 
sand bodies of considerable thickness and great jiroduclivil)' were 
struck, that opened up a wide area for highly remunerative 
development. 

Oil prospectors thrown amidst masses of seepages and asphalt 
deposits or mud volcanoes are at least encouraged in their 
investigations by the knowledge that oil abounds in the vicinity, 
but wheretthere are Hjttle direct evidences of oil, and the geology 
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of the region is a dead letter, early studies arc often dispiriting, 
especially when large areas have to be ci^vercd where few, if any, 
outcrops occur. 

Days and weeks might be sjjciit in vain by a novice in 
seeking for indications of oil in some countries, where abundant 
supplies exist at depth. Outcropping sands impregnated with 
oil of medium densit)' of the usual amber and light brown colour 
often c.xhibit no evidence of their oleaginous contents, and 
sometimes become bleached nearly white. Other sands have a 
natural brown colour, closel\' resembling an oil discoloration, but 
nevertheless yield no trace of oil on a cursory examination, nor 
emit the slightest odour. Ity digging some distance into the bed, 
their oil character becomes evident and the odour is pronounced. 

Knowledge of ;i definite district enables an observer to discern 
quickly oil sands. The)' often assume some distinctive char¬ 
acteristic at their exposure which is at once recognisable, such 
as a certain tint, variegated appearance, efflorescences of certain 
salts drawn out bv capillary attraction and deposited through 
e\';iporation of the Witter, or ;i specitil form of weathering. 

Oil sands oo/ing petroleum can be at once rccogni.sed, often 
from a long distiincc, bv their dark reddish-brown staining, but 
such discoloration must not be confused with water-hearing 
reddish-brown .sands, to which thev bear an extraordinary clo.se 
resemblance at times, llciiv)' tisphaltic oils produce a black 
stain which no weathering cait remove, and (jften the outcrops 
are covered bv a plaster of oxidised iietroleum as asphalt, i>ro- 
ducing ;in effective antidote to weathering. 

.A curious phenomenon is reported b)- Mr G. h. (jrirnes in 
his geological report to the Indian .Surve\' on the A enangyang 
oil district of Burma, namel)’, that certain i>utcropping sandstone 
beds which show no signs of petroleum indicate a much higher 
temperature than the air and the surrounding strata, and the.se 
always prove to be oil-bearing at depth. 

If the presence of |)ctro!cum is suspected in a sand displaying 
no visible evidence of impregnation, an excavation should be 
made, and the odour noted of a freshl)' broken fragment. Should 
this test fail to reveal evidence cf oil a .sample should be broken 
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under water, when, if oil be present, an iridescent film will often 
appear on the surface of the water. Finally, if still unconvinced 
a crushed sample .should be agitated with .some solvent such as 
carbon bisulphide, chloroform, or even petroleum spirit. Unless 
fairly definite, such slight indications should be supported by 
other evidence and even deeper excavation, and an exposed 
surface not ordinarily indicating an oily appearance will some¬ 
times show quite greasy spots under rain. 

A note of warning should be -ouncled concerning prospecting 
in streams. Oil-bearing rocks on the bailk^ or in the beds of 
streams often evolve oil wh'ch rises to th siirfiice and floats away 
with the curren!. Oil disengaged and transported .sometimes 
reattaches itself i certain other rocks and .sand.s, gi\ing tiiern 
an appearance of ti lie oil rocks. Detached fragments of oil lock 
are likewise carried long distance.s along sti-e.nn.s during rains, 
and observed iridescence due to the distiirtjain-j of these mas.ses 
may be mistaken for outen !)s. Fragnienf.s of oil rocks in streams 
may often he traced up stream to their s.-urre. and much time 
may thu.s be .saved in arduou.s e.xploration in dense forests. 

Evolution of inflammable gas from Jecar-ing vegetable matter 
in streams is often erroneou.sl)- associated with oil ; and in the 
same way certain vegetable products of an oily-looking nature 
have been mistaken for oil. Films of oxide of iron have often 
led to long wasted journejs during explorations, althcmgh the 
mo.st elementary test would have dispelled the deception. 

The genuineness of oil seepages should be establi.shed beyond 
doubt if there is cau.se for the least suspicion. False evidence 
may be accidental or intentional, and in the latter case consider¬ 
able ingenuity may be displayed in preparing an indication. 
The course of a leaky oil pipe line can be traced for years after 
its removal by a line of pronounced oil patches; and water wells, 
within the vicinity of oil storages, are a frequent source of local 
5xcitement in dry .seasons when the .level of the water falls 
sufficiently to allow a surface film of collected oil to reach the 
suction of the pump, and so be raised to the surface. 

Natural seepages have often been brought to notice in ' 
tropical countries b^thc return of pigs or other domestic animals 
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of the region is a dead letter, early studies arc often dispiriting, 
especially when large areas have to be ci^vercd where few, if any, 
outcrops occur. 

Days and weeks might be sjjciit in vain by a novice in 
seeking for indications of oil in some countries, where abundant 
supplies exist at depth. Outcropping sands impregnated with 
oil of medium densit)' of the usual amber and light brown colour 
often c.xhibit no evidence of their oleaginous contents, and 
sometimes become bleached nearly white. Other sands have a 
natural brown colour, closel\' resembling an oil discoloration, but 
nevertheless yield no trace of oil on a cursory examination, nor 
emit the slightest odour. Ity digging some distance into the bed, 
their oil character becomes evident and the odour is pronounced. 

Knowledge of ;i definite district enables an observer to discern 
quickly oil sands. The)' often assume some distinctive char¬ 
acteristic at their exposure which is at once recognisable, such 
as a certain tint, variegated appearance, efflorescences of certain 
salts drawn out bv capillary attraction and deposited through 
e\';iporation of the Witter, or ;i specitil form of weathering. 

Oil sands oo/ing petroleum can be at once rccogni.sed, often 
from a long distiincc, bv their dark reddish-brown staining, but 
such discoloration must not be confused with water-hearing 
reddish-brown .sands, to which thev bear an extraordinary clo.se 
resemblance at times, llciiv)' tisphaltic oils produce a black 
stain which no weathering cait remove, and (jften the outcrops 
are covered bv a plaster of oxidised iietroleum as asphalt, i>ro- 
ducing ;in effective antidote to weathering. 

.A curious phenomenon is reported b)- Mr G. h. (jrirnes in 
his geological report to the Indian .Surve\' on the A enangyang 
oil district of Burma, namel)’, that certain i>utcropping sandstone 
beds which show no signs of petroleum indicate a much higher 
temperature than the air and the surrounding strata, and the.se 
always prove to be oil-bearing at depth. 

If the presence of |)ctro!cum is suspected in a sand displaying 
no visible evidence of impregnation, an excavation should be 
made, and the odour noted of a freshl)' broken fragment. Should 
this test fail to reveal evidence cf oil a .sample should be broken 
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Early prospecting of new oil-fields has often to be ac^m- 
plished with little direct evidence of the structorc, The^^es 
are formed, and as quickly upset as work proceeds, but carefully 
compiled records of unsuccessful wells enable results to be 
correlated that give clues to future ojwjrations. Excellent 
results have rewarded drilling in Mexico, Egypt, and the Cral 
Province of Russia, where practically nothing wa known of 
the structure, but failures in abundance are also to be recorded, 
as must be anticipated under such circumstances. 

Test wells on eroded anticlines or moot lines not ])rotectec 
by overlap should be [jlaced as far from t i< outcrop as reason 
ably deep drilling will admit, but on erodt ' anticii'nes, when 
deeper unexposed sands are suspected, a crestal location may l)e 
retained with ad\-antage. Hai'ing once eslablislied the existence 
of a pool, drilling should be ,;ontinued outw ards botJi along the 
strike and dip at intervals not exceeding ^ou-l,ooo ft., so 
that the cause of any chang - can be better ascertained. Lea[)s 
of considerable magnitude often land producers into difficulties 
by failing to provide adequate explanation for adverse results. 

Districts affording inconclusive and conflicting dips, or pre¬ 
senting little surface evidence of structure, through excessive 
disintegration or thick overburden of alluvium, sliould be carefull)' 
:ontoured at close intervals. Structural details may thus be 
revealed that eventually lead to the solution of involved problems. 
Likewise, in the process of prospecting or development, careful 
well-head levels should be taken and underground contours drawn 
of any defined oil sand, rock stratum, water horizon, or other 
persistent and recognisable bed. f^lattening or stedpening dips 
will thus be traced, and the structure may be gradually evolved 
without recour.se to doubtful surface exposures. In this con¬ 
nection Campbell M. Hunter has suggested that recognisable 
ail sands in wells should be referred td some fixed datum, and be 
marked by different colourings between ‘certain limits of depth ; 
:hus lines of various colours would indicate strike lines and vividly 
Jisclose underground structures. 

For note on “ I^vining ” see Appendix. 



CHAPTER V. 

TYPICAL OIL-FIELD STRUCTURES. 


Classification of Structures—Symmetrical Anticlines—Asymmetrical Anticlines 
—Diaper Structures—Monoclines—Saline Domes—Igneous Necks and 
Dykes—Relative Importance of Structure. 


Classification of Structures,— Oil-field .structures may for con¬ 
venience be roughly classified into several general representative 
types that characteri.se commercially productive areas somewhat 


as follows:— 


Anticlines - 


Monoclines 


Synrlines - 


Symmetrical 


^.^symmetrical 


/ Simple folds—tending to form domes. 

I Folds with protruded cores (diaper 
I structures). 

1 Double monoclinal folds. 

/ Simple folds—usually tending to domes. 

I Foliis with protruded cores (diaper 
( structures). 

I Overfolds. 

VTlirust laults. 


Simple inclination 

Eroded anticlines 
■Terrace structure. 


(Sealed by oxidation products. 

1- overlap. 

( Sealed by asphalt, 

- lateral variation. 

(- strike fault. 


I Normal. 

I Sagging anticline. 
(Ravine. 


, Fault intersections, often with salt accumulations, sometimes 
Fractured locks I, with surface doming 

1 Igneous intrusions as dykes or necks. 

(F issures or stockworks. 


For comparison the classifications of Clapp and Iloefer are 


given ;— 

Clapp. 

I. Where anticlinal and synclinal 
structures exist— 

(«) Strong anticlines standing 
alone. 

(6) Well-defined alteniating 
anticlines and synclines, 
(f) Monoclines with change 
in rate of dip. 

(rf) Structural terraces. 

(e) Broad geo-anticlinal folds? 


Hoefp.k. 

1. Undisturbed country— 

I. Superficial, secondary ac 
cumulations. 

3. Regular and irregularly de¬ 
posited lenses (Maikop). 

3, In sand bars, more or less 
regularly grouped (parallel I 
as at Pechelbronn— 

(a) At one,horizon only 
(Zone). 

(#) Severa(l Series). 



Ciussifications —continued. 


Clai’I'. 

II. Quaquaversal structures— 

(a) Anticlinal-bulge type. 

{b) Saline-dome type. 

(c) Volcanic neck type. 

Ill. Along sealed faults. 

* 1 V. pil and gas sealed in asphaltic 
deposits. 

\^ Contact of sedimentary and crys¬ 
talline rocks. 

VI. In joint cracks of sedimentary 
rocks. 

VII. In crystalline rocks. 


Hoekek. 

II. In disturbed country— 

1. Normal anticlines (including 
geo-anticlines) : symmetrical, 
asymmetrical, overfolded. 

2. Diaper anticlines: symmetri¬ 
cal, asymmetrical, overfolded. 

3. Domes : ia) independent; (#) 
on anticlines. 

4. Sealed faults (Los Angeles). 

5. Monoclines: (a) simple ; (b) 
terrace structures. 

6. Synclines and ravines (water 
free). 

7. Fissures: (a) a single fault; 

(b) a fabltseries (Hannover); 

(c) a stockwork (Klenczany, 
F'lorence). 


In discus.sing the various classes of structure attention will be^ 
drawn to subsidiary features of interest that have often perplexed 
geologists till the tectonic details of the field were understood. A 
casual glance at many of the sections will suffice to demonstrate 
the futility of attempting an elucidation of the structure without 
the aid of the drill, and usually a profound knowledge of local 
palaeontology. Surface indications alone, with only discouragement 
from geologists, have led to the prospecting and discovery of some 
of the great oil-fields illustrated. 

Many of the oil-fields of the world are located along well- 
developed folds which follow defined general directions parallel 
with mountain ranges. These flexures change in form and character 
from point to point, at times flattening out and disappearing as 
ipther regions have taken up the strain in parallel directions. 
Persistent flexures displaying an immense variety of forms, and 
presenting numerous interesting features, are illustrated in the 
following pages. Variations of level and pitching of the folds 
alternately bring interesting geological series to the surface, or 
throw them to great depths, sometimes beyond the reach of present- 
day mechanical contrivances, thus breaking continuous belts into 
a succession of exploitable areas. 

When studied in a more general manner, it becomes noticeable 
that many of the productive oil-fields of the world are located along. 
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I. The liimotis “Culunilua" wdl of the 2. Tin* Campina Roiimania, 

Morcni oil-fickl i)f Rouniania. ‘'howinp River I’rabova crossing 

taken when w'ell wa^ llowing. the anticline. 

3. View in Trinitlad oil-liclds .vhcre devclojiment has proceed*! 
along a sliarpl)*inficclc<.1 anticline. 


[To fate page 222 . 












the great geo-synclines which formed a pre/ude to the building of 
the mountain ranges now in existence. A particularly pertinent 
example of this is the Appalachian oil-field, the geo-syncline being 
still the predominant feature in the structure, the subsequent 
folding which has led to the accumulation of the oil in workable 
pools being tectonically very subsidiary. Another very important 
geo-syncline known to oil-field workers is that embracing the 
Borneo, Sumatra, and J ava oil districts. 

Before proceeding with the description of the tectonics of oil 
accumulation it is well to impress upon the mind of the student 
two very important points. The first is the extreme irregularity 
in shape of the sand bodies in such sedimentary facies as are 
usually associated with the occurrence of oil, and the second, 
more or less related to the first, the indirect connection between 
the superficial phenomena of petroleum and the source of such 
phenomena. Dealing with the first point, it is a matter to be 
deplored that in illustrating a book by means of diagrams showing 
typical oil-field structures, it is .'.;cessary to employ very much 
smaller scales than would enable minute stratigraphical divisions 
to be marked ; ai'.d also regarding many fields there is a real 
lack of data concerning such matters. A diagram depicting a 
regular sequence of “ oil sands ” and clays represents conditions 
never met with in Nature. A given horizon may be marked by 
sands over a wide area but never as a continuous sheet. All sand 
beds, on account of the conditions of their deposition, are lenticular : 
oil sands are usually markedly lenticular with one dimension 
predominant. A sand body may therefore represent an elongated 
lens isolated among surrounding shales (probably many of the 
prolific Mid-Continental oil pools of the United States approximate 
to this type), or where the coarser sediment tends to predominate 
we may have one body connecting with anothci, both laterally 
and normally to the planes of sedimentation, so that it becomes 
quite impossible to con.struct a true map of the complex resultant 
body from the data supplied from the well logs. With the 
complications introduced when the strata are subjected to fracture 
and displacement of varying amount along fault planes, it is no 
wonder that curious ideas may prevail as to the relations of 
different wells in some fields ; and^also a little reflection will suggest 
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how, under favourable conditions, huge accumulations of oil may be 
tapped by one well. 

When the superficial phenomena arising from oil accumula¬ 
tions in the earth’s crust are studied, such as oil and gas seepages, 
mud volcanoes, sulphur spring.s, etc., it will be found that such 
phenomena are rarely traceable to a direct source. In the 
majority of cases they ari.se from faults. It is surprising how 
often .seepages, apparently from sand, arc found to be along the 
crest of an anticline, irrespective of an)' definite horizon, that is to 
say, are really from concealed beds, the actual rocl< yielding oil on 
the surface merely constituting a convenient exit. Bonarelli' has 
classified .seepages as normal, longitudinal, and lateral. Normal 
.seepages arc crcstal seepages as above described, longitudinal 
where pitching of an anticline cau.ses an outcrojj of an oil .sand 
to occur across an anticline, and lateral where an eroded crest 
cau.ses an oil sand to outcrop at its side, often an indicator of 
the oil prospects of a parallel non-eroded fold. To complete such 
a cla.s.sification of .seepages should be ailded others covering the 
various types associated with faulting, including cross-faulting 
(salt domes) and igneous dyke.s. 

The prevalence of surface manifestations of oil is very variable. 
In undisturbed strata such as are found in the Appalarhian field, 
mud volcanoes are unknown, and seepages are rare. In Mexico 
and along the Spanish Main, seepages on a tremendous scale are 
frequent, and of doubtful value as oil indicator.s. El.sewhere it 
is by no means uncommon for a petroliferous facies to give 
numerous .seepages of high grade oil where no payable accumula¬ 
tions are ever found to exist. Thus the cautious prospector in a 
new region will refrain from placing too much reliance on such 
manifestations until he has tested their meaning with the drill. 

Symmetrical Anticlines. —Terrestrial folds to which the term 
anticline is applied naturally partake of innumerable forms, and, 
according to the degree of flexure and the petrological character 
of the strata involved, vary considerably in the extent of faulting 
and subsidiary dislocation which, according to its magnitude, may 
or may not affect the petroleum contents. It is naturally along 


' “ La Fdrmacion I’etrolifera de Salta y Jujuy.’ 
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the crests that the oldest beds are exposed, and denudation may 
have proceeded sufficiently to expose along the crest and near flanks 
considerable outcrops of an oil-bearing series with its accompani¬ 
ment of characteristic oil indications. 

Sharp anticlines with highly inclined flanks, equal angular dips, 
and often faulted or eroded crests are common, and in some parts 
amidst mountains, such anticlines correspond with ravines that 
closely follow the anticlinal crest. Such flexures often expose 
moderate thicknesses of oil-bearing rocks and are invaluable for 
geological study, but they are rarely the seat of a thriving oil 
industry owing to their restricted dimension.s, the ill effects of 
excessive faulting or erosion, and prolonged escape of hydro¬ 
carbon contents. Occasionally, however, where the grade of oil 
is high, or a local remunerative market exists, prosperous opera¬ 
tions can be continued under such circumstances. In this connec¬ 
tion students should be warned of the rarity with which anticlines 
correspond with topographical elevations; usually it is the 
reverse, for obvious physiograph' .al reasons. 

Rarely do anticlinal folds continue unbroken along level country 
for any considerable distance : nearly always the crest rises or 
plunges, causing certain interesting beds to approach, reach, or 
recede from the surface. Areas of maximufh elevation may 
correspond with extensive exposures of oil-bearing strata, or they 
may represent points where the top of the oil beds only just out¬ 
crops, or they lie at considerable depth from the surface. It is 
these latter spots that are sought by petroleum geologists for 
especial study, as in the event of a good local development of oil 
sands and inconsiderable dips it is such localities that present the 
most obvious prospects. 

Symmetrical anticlines with broad flat arches, and maximum 
development of the oil-bearing series of rocks which are mainly 
covered, are naturally rare in J^ature, but when such conditions are 
closely approached oil-fields of great importance have been disclosed. 

Fig. 27 illustrates the Yenangyaung oil-field of Burma, which 
has yielded about ;,ooo,ooo tons (37,500,000 barrels) of high 
grade oil between 1888 and 1915. The oil-bearing Miocene 
(Pegu) beds just outcrop near the crest, where they li^ nearly 
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horizontal, but become more inclined on the flanks where they 
are overlain by the Irrawaddy beds. Numerous small faults 
occur on the near flanks, and lenticularity is a feature of the oil 
sands. The prolific Singu oil-field of Burma is almost symmetrical 
at the point where the River Irrawaddy pierces the Yenangyat 
range, but the oil .series here is struck much deeper. 

Another cla.ssical example of an almost symmetrical anticline 
is the famous Bibi-Kibat oil-field of Baku, Russia. A wide flat 
arch of Miocene strata just reaches the surface, the beds dipping 



Fiff. 27.—The Ycnangyaung Oil-I-'ield of Burma. 
<1, Irrawaddy. )>egu. 

( 1 ‘lioccnc.) (Mioa-iie.) 


iway on the flanks, covered by the limestones of the Apsheron 
leries (Pliocene) that form imposing escarpments round the field. 
The oil-bearing series after plunging into a wide .syncline emerge 
n the Yasmal valley to the south-west, where, expo.sed in a sharp 
mticline, they pre.sent unusual facilities for investigation, and 
lisplay oil-field phenomena on ah almost unique scale. A 
uccession of oil-saturated sands may be traced over a considerable 
ndth, and almost every known type of oil indication may be 
tudied at leisure. 

An almost .symmetrical anticline characterises the Eastside 
il-field* of Coaling, California, where such excellent results 
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have been achieved by operating companies. Filipesliti de 
Padure in Roumania (Fig. 29) represents a fine example of 




Fig. 29,—The 
j, Dacian. 


'ilipesliti Oil-Field of Roumania. 
h, Ponlic. Meolic. 


(Pliocene.) 


vision. Beds of Pontic (Pliocene) age are exposed on the flanks 
and crest, and a paraffin-base oil is obtained from thfi Meotic 
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(Pliocene) formation at a depth of 3,000-3,500 ft. below the 
crest. 

Two of the above cases, namely Bibi-Elibat and Yenangyaung, 
illustrate well the doming feature. In the former ca,se the beds 
dip away from a central area of maximum elevation on three 
sides, whilst on the fourth the strata outcrop beneath the 
Caspian Sea. At Yenangyaung the anticline pitches gently both 
north and south of an elliptical area of maximum elevation, 
where drilling operations are mostly concentrated. 

A variety of anticline, which deserves notice from the fact 



Fig. 

a, Upper I\ilembang. 


-The Kampoii^ Minjak Oil-Fi”ld (>f Sumatra. 


Middle Talembang. 


(Pliocene.) 


c. Lower Piiieinbang. 
(Miocene.) 


that some prolific pools have been struck on such structures in 
Sumatra, may be regarded either as a flat-topped anticline (usually 
though not necessarily symmetrical) or as two opposing mono¬ 
clines, using the word in its strict geological sense. In this type 
of anticline, which has been well described by Tobler,’ the best 
results are obtained in the horizontally-lying central position ; in 
other words, in a wedge-shaped Mock of ground the apex of 
which does not attain great depths and the productive sands 
becoming increasingly narrow with depth. 

The strata in Kampong Minjak belong to the Palembang 
beds, of which th^lower beds are Miocene, the middle and 

‘ “ Tijdschrift V. h. Koningl. Nederl. aardrijkskundig Genootscliap,” 1906. ,, 
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upper Pliocene. Oil occurs mainly in the middle Palembang, 
three sands being important. 

Asymmetrical Anticlines. —Anticlines with unequally dipping 
flanks present innumerable types of structure. The asymmetry 
may be small or it may be great, one limb frequently being nearly 
vertical or even inverted, whilst the other is gently inclined and 
very favourable for oil development. When unconsolidated plastic 
clays predominate, and there is a general absence of hard rock, ex¬ 
ceedingly sharp flexures and ovcrfolds may be formed without the oil 



Fig. 31.—The Grosny Oil-Field of Russia. 

Gravels. Meolic Cy Middle Sarmatiaft. </, Lower Sarmatian. 

(Pliocene.) ***■ -*** 

fy Tchokrak. (Miocene.) 

(Miocene.) 

contents suffering escape, and a whole succession of creases, termed 
an anticlinorium, is sometimes produced, amidst which oil sands 
may be successfully operated. With a preponderance of yielding 
clays severely-contorted, enclosed oil-bearing sands will yield 
excellent productions of petroleum as fault planes are tightly 
sealed by the clays. 

The structure of the majority of the oil-fields of the world is of 
the asymmetrical type. Russia affords a very typical example in 
the Grosny oil-field (Fig. 31), where oil-bearing beds of Sarmatian 
(Miocene) age form an uninterrupted belt for eight mil 4 s, along 
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which highly successful development has progressed. The point of 
maximum elevation is at Mamakai, where the higher oil sands 
reach the surface, and oil issues attracted operators to the 
district. The anticline pitches at an average angle of about 
both east and west. Operations to the north arc checked by the 
verticality of the northern limb (40°-90°), but the 2o"-3o’ dip on 
the southern flanks has permitted operations to be conducted for 
.several miles without penetrating synclinal water. 

Another example of an a.symmetrical anticline is the Campina 



Fig. 32.—The Campina Oil-Field, Roiimania. 

, Dacian. Mcotic. Saliferc. 

.v (Miocene.) 

(Pliocene.) 


oil-field of Roumania (Fig. 32), where from strata of Meotic 
(Pliocene) age large productions of paraffin-base oil are abstracted. 
Burma yields typical e.xamples of asymmetrical folding along 
the Yenangyat oil-field belt, stretching for .some twenty-five 
miles in a northern direction. Here beds of Miocene age over- 
lain by Pliocene yield oil of light density on the less Inclined 
western limb. 

Unusually sharp anticlinal folds and overfolds have been 
‘developed in Trinidad aij# Baicoi, Roumania, where lenticles of 
sand richly impregnated with light density oil have been exposed. 
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Overfolds often pass into overthrusts and remarkable struc¬ 
tures of this kind have been recorded. Roumania yields excellent 
examples of this action. An interesting section is recorded by 
Ralph Arnold* in the McKittrick field of California, illustrated 
in Fig. 33 - 

Diaper Structures.—Although sharp folding, particularly 
where beds of variable strength are involved, is usually accom¬ 
panied by more or less thinning out or even displacement in a 
direction parallel to the planes of bedding of the individual strata. 



it is in the Carpathians, and especially on their southern slopes in 
Roumania, that this phenomenon appears in a very marked degree, 
so much so that Professor Mrazec has proposed the term “ diaper 
structures” to express the results of this process. In these regions 
the underlying hard and tenacious lower Miocene rocks of the salt 
formation have been protruded through the newer and often more 
readily fractured upper Miocene and Pliocene beds, along lines of 
weakness, which probably began to develop before the latter were 
completely deposited. A hard nucleus of rock salt has often formed 

1 Bulletin 406, U..S. Geological Survey, 1910, p. 97 - 
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the centre of this motion, and against the sides of the protruded rocks 
incline the sheared-off, tilted, and drawn-out edges of the various 
younger formations. Frequently the angle of dip of the newer 
beds bears only a remote relationship to that of the core beyond 
a very restricted distance. The Miocene masses usually hade 
considerably, producing overfolds that sometimes necessitate deep 
drilling through the Miocene to pierce beds of newer age that 
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Fig. 34.—The Moreni (Stavropoleos) Oil-Field of Roumania. 

Levantine. Dacian. f, Pontic. d, Saliftre. 

■■■'— w i II (Miocene.) 


(Pliocene.) 


come in contact with the overhanging core in depth. The 
disturbed region along the junction planes and the neighbouring 
sands have constituted receptacles for immense accumulations of 
oil eventually tapped by drilling. < 

Fig. 34 illustrates the famous Moreni oil-field of Roumania, 
where on the southern flanks of the Miocene core, wells of great 
productivity have been sunk to the Dacian; yields of 200,000 
tons (1,500,000 barrels) per well being repeated many times. 
One welLgave as much as 400,000 tons (3,000,000 barrels). 
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The Moreni oil-field is typical of the delay and loss resulting 
from failure to appreciate the true geological structure, in this case 
partly unavoidable, for it is seen at a glance that the details of the 
structure must remain hidden from mere surface inspection; they 
are only gradually understood as data come to light from well logs. 
Old hand-dug wells had yielded oil for many years, but only since 
1904 has successful drilling been accomplished at Stavropoleos. This 
has been repeated at Gura Ocnitsa to the west, and subsequently at 
Bana (see Fig. 40) to the east along the same Miocene inlier. 
More recently, at Bana, the northern side of the structure has been 
developed, at first in the shallow syncline (Fig. 40), and then in the 
underlying Sarmatian rocks near the salt contact ; and in 1915 this 
latter development was extended westward toward the older 
Moreni area, whilst about the same time an important westerly 
extension of Gura Ocnitsa was made at Ochiura. Thus it is that 
with the gradual elucidation of the true underground structure, the 
gaps in the proven oil-bearing Neogene aureole embracing the 
Miocene salt formation tend to disappear. 

Fanlike forms are imparted to the beds in contact with 
the Miocene in the process of protrusion, introducing features 
of uncertainty that the drill alone can determine ; fortunately, 
however, an abundance of fossils simplifies the identification 
of the -Strata being pierced. 

In the Carpathians the older Cretaceous rocks have been 
pushed over the later Tertiaries from the Miocene upward.s, along 
the outer margin of the mountains. In the south-eastern corner, 
where the principal Roumanian fields are located, i.e., in the sub- 
Carpathians, however, the action is already much less accentuated 
than further back in the mountains, and in Figs. 29 and 32 are shown 
diagrammatic sections at points along the outer zone of folding, 
visible before reaching the plains of the Danube. These sections 
are at points where actual oil development has taken place, but the 
folding has not been sufficiently severe to admit of fracture of 
the Pliocene beds and the development of the “ diaper ” structure. 
A piercing of the Pliocene beds, not unlike those at Gura- 
Ocnitsa-Moreni, accompanies the oil pools developed at Baicoi- 
Tsintea, whilst between these two areas, at Filipeshti, the 
overlying Pliocene beds were ^merely folded into an* anticline 
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(Fig. 29), nevertheless affording a structure favourable to the 
accumulation of oil in the Meotic (lower Pliocene) beds. 

Six miles north of P'ilipeshti and Baicoi occurs the next zone 
of fracture, along which are the oil-fields of Campina, Telega, and 
Bushtenari. Lying nearer to the mountains the movements have 
been proportionately more severe, and the upper Pliocene rocks 
here disappear, whilst through the Miocene rocks large masses of 
Oligocene have been thrust. 



I'iS- 35-—Itoryslaw-Tustsnowice Oil-Field, Galicia. 

a, Salifere. l>, Dobrotow, Menelite. li^ Eocene, c, Hieroglyph lieiK. /, Cretaceous. 

(Miocene.) '-.-' (Eocene.) 

(Oligocene.) 

No structures like tho.se last described have permitted com¬ 
mercially successful developments in Galicia, but nevertheless there 
is a distinct relationship between the fields. In Roumania oil is 
known in small quantities in the P'lysdli zone, but as we have seen, 
it is the later Tertiaries that yield the most abundant supplies. 

In Galicia, the most important field, the Boryslaw-Tustanowice 
field (Fig. 35), has far exceeded all other localities in richness, yet 
excellent results on a smaller scale have been obtained from strata 
of Cretaceous, Eocene, Oligocene, and Miocene age elsewhere. The 
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same outward thrust from the mountains has forced the older rocks 
over the Miocene, the section of the Boryslaw-Tustanowice fold 
showing a central core of faulted Dobrotow beds (middle Oligocene) 
which, with the underlying Menelitic shales, form the source of the 
oil here worked, and it is overlain by the Miocene salt formation 
over which have been thrust, in ascending order to the south¬ 
west, Oligocene, Eocene, and Cretaceous rocks. 

Monoclines.—The term monocline is here retained as it has 
passed into general oil-field phra.seology as equivalent to a series 
of uniformly dipping beds, irrespective of the relationship they 
may have to the general structure of the district. Important 
oil-fields have been opened up where strata show a gentle 
inclination in one direction for considerable distances. Many 
of the American oil-fields are characteri.sed by dips of such 
insignificance that for all practical purpo.ses the strata might 
be considered horizontal, the cau.se of concentration con.sequently 
being imperfectly understood. Kan.sas-Oklahoma oil-fields are 
located within the flat continental area, on what is known as 
the Prairie Plains monocline, lying west of the Ozark dome, 
and it i.s doubtful whether the small differences of elevation there 
recorded would enable gravity to effect the accumulations of oil 
in the many pools located over hundreds of "square miles. The 
structure in the important pools of Cushing and the Glenn pool 
are di.stinctly anticlinal, usually developing a group of domes. 

As it is quite impossible to indicate intelligently in diagrams 
suitable for reproduction such gentle dip.s, this important class 
of structure has regretfully escaped illustration. The official 
publications of the United States Geological Survey should be 
consulted. 

In Fig. 36 is shown a section of the Westside oil-field of 
Coalinga, California, the oil-bearing Miocene overlying uncon- 
formably the Eocene shale*., and outcropping in the hills to the 
west of the belt after a lengthy monoclinal dip. 

The Peruvian oil-fields are located upon monoclinal formations 
that extend inland from the coast. Dips do not generally exceed 
2o'’-25'’, but upthrow strike faults repeat the sequence at intervals, 
greatly extending the area of possible exploitation. Thg sands are 
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lenticular, displaying irregular impregnation, and speaking broadly 
the influence of faulting has not been veiy great. Secondary 



faulting in a direction oblique to the strike has cut up and 
isolated large irregular blocks, amidst which are occasionally 


jvionociines 




struck areas of higher concentration as well as areas of low 
saturation. 

Strike faults on monoclines would, under some circumstances, 



Fig. 37.—Typical Section in Peruvian Oil-Fields. 
a, Late Tertiary. Eocene, 

prove as effective for the accumulation of oil as true anticlines, 
many of which latter practically resolve themselves into faulted 
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monoclines. Fig. 38 represents a section in the Los Angeles oil¬ 
field of California which well illustrates the beneficial effect of strike 
faulting, the sands on the lower side of the fault alone being 
productive. 

Any slight crease, deformation, or change of dip in a gentle 
monocline may be the medium of concentration, and careful under¬ 
ground contouring from well logs will often divulge the origin of 
local saturation when not to be deduced from surface features; 
and more important still in many cases is the lateral variation of 
the rocks leading to the formation of .sand lenses. Such areas of 
concentration were struck on the great monocline extending south¬ 
ward of the Bushtenari oil-field of Roumania, and in the Mid- 
Continental fields of America the influence of such deformations 
has been repeatedly demonstrated by underground contouring. 

Another cla.ss of monoclinal structure might be termed the 
unconformable monocline. This is well illustrated by Fig. 39 
showing the Shirvansky district of the Maikop oil-field of Russia, 
Concentration of oil has here proceeded in sands of upper Oligo- 
cene age, lying unconformably upon strata of Cretaceous age, and 
sealed by overlapping beds. Around islands of Cretaceous strata 
the sands proved productive, the initial yields of wells .sometimes 
exceeding 500 ton,? (3,750 barrels) daily. The general facies of 
these Tertiary beds is marly to clayey, but where an old river 
course meanders through the Cretaceous islands, and its sandy 
beds have been well sealed by subsequent deposits, conditions are 
favourable for accumulation, as at Shirvansky. 

Synclines.—Examples of prolific synclines are seen in Figs. 33, 
36, and 40. In the Appalachian oil and gas fields .synclinal oil is 
not unknown,' and in Roumania the extension of drilling on the 
low-dipping southern flanks of the Bushtenari and Moreni (Stavro- 
poleos) field present something closely akin to synclinal oil. 

At Moreni (Bana) a very rich small field of a true synclinal, 
though subsidiary, structure was operated with great success. 

In this case the syncline must be regarded as quite a local 
phenomenon, and subsidiary to the main structure. Ordinarily 

' See “ Oil and Gas Fields of Green County,” Stone and Clapp, 1907. See 
also “ Steubenville, Burgettstown, and Claysville Quadrangles,” Griswold and 
Munn, 1907, 
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synclinal accumulation is rare, and would naturally be confined to 
water-free rocks. The question of underground structure in regions 
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of relatively undisturbed rocks is peculiarly capable of study in the 
great Appalachian fields, where abundance of geological Exposures 
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and excellent key horizons in the shape of coal seams sometimes 
outcropping, at others mined or penetrated by the drill, have been 
taken full advantage oft the American geologists, who have con¬ 
structed maps showing uib-soil contour lines” (oil-sand strike 
lines would be preferable), ften enabling depths of projected wells 
to be predicted with rem. kable accuracy. Where an apparent 
lack of correspondence betw> m the oil pool and the structure lines 



Fig. 40.—The Moreni (Banr) Oil-Field, Roumania. 
a, Surface Deposits. 3, Levantine. Dacian. </, Pontic. 

Miocene Salifere. (Pliocene.) 

N.B.—Beneath d on the N. paraffin-base oil has now been struck on the Meotic. 

has sometimes been recorded, it has often proved traceable to non¬ 
coincidence of the form of the sand body with the strike. Although 
it is probable that sand bodies themselves are much less irregular than 
is popularly supposed, there is no doubt ■ that variations in size of 
grain, proportion of cement, etc., have the equivalence of lateral varia¬ 
tion on degree of freedom of movement of the contained fluids. 

It has been observed in the Appalachian fields' that the smallest, 
* Griswoltf and Munn, United States Geological Survey, Bull. 318, Chapter 1 . 
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areas of complete saturation are found in the lowest, and therefore 
oldest sandstones. The area of saturation is less in each sand 
below the hundred-foot sand, and it is supposed that by some 
means the connate water has escaped, after perhaps aiding in the 
concentration of the oil in the first instance. 

In proportion to the extent to which the water has disappeared, 
the oil has retreated down the slopes into the syncline, it being not 
improbable that this retirement of the level of water saturation has 
aided in the collection of scattered globules of oil. Roswell H. 
Johnson ' has shown that when in motion the gravitational sorting 
of oil, gas, and water is readily accomplished where slight tendency 
to this would otherwise exist. The .same author has shown - that 
gas bubbles tend to pick up a film or pellicle of oil, and in this 
way oil is transported in regions of low dip. 

The descending pool of oil may reach the bottom of the .syncline, 
or it may be arrested by a bar of closer-grained and finer-pored 
rock which would not hinder the water, or else fill up a hollow in 
the form of a ravine, subsidiary synclinc, or even terrace. Griswold 
and Munn'* call attention to the fact that in the Beaver quadrangle 
very small structural depressions seemed to hold accumulations 
of oil quite out of proportion to the area drained. 

“ In areas where the sand lies well above the water line, the oil 
occurs in very irregular pools, the shapes and dimensions of 
which are controlled by the porosity of the sand rather than by 
the direction of dip. The greater number of oil pools found at or 
near water line, lie in ‘ embaj-ments ’ along the flanks of anticlines 
rather than on anticlinal ‘ no.ses ’ or promontory-like structures. 
This fact has an important bearing on prospecting, and is also 
of considerable interest as suggesting that the water line has in 
comparatively recent geologic time receded from a higher level.”* 

Saline Domes. — Some of the most extraordinary oil-field 
structures, whose origin is still in doubt, although the subject of 
considerable speculation, are the dome-shaped mounds of the 

* “ The Rdle and Fate of the Connate Water in Oil and Gas Sands,” Trans. 
Am, Inst. Min. Eng... 1915. 

*“The Accumulation of Oil and Gas in Sandstone,” Science, N.S., Vol. 
XXXV., No. 899, pp. 458, 459, 22nd March 1912. 

* “Oil and Gas in the Cadiz Quadrangle, Ohio,” United States Geological 
Survey, Bulletin 541. 

16 
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Gulf field of North America. Along the low-lying coastal regions 
of Texas and Louisiana, where the strata over wide areas present 
exceptional regularity, with only gentle dips southwards, there are 
numbers of dome-shaped mounds rising abruptly from the plains 
to an increased elevation of from 10-50 ft. Around the domes, 
which do not usually exceed an area of a few hundred acre.s, there 
are often issues of salt or sulphurous waters, indicating some 
unusual local disturbance of the othcrwi.se regular beds. 

Attention was first directed to the mounds for salt, but the 
frequent association of gas and oil led to the drilling of a test 
well at Spindle Top, and a great outburst of oil was encountered, 
which immediately attracted considerable local interest to these 
structures. Prolonged investigation by C. W. Hayes and others 
of the United States Geological Survey, and by G. D. Harris 
and his staff on the Louisiana Geological Survey,' has practically 
established the fact that the core of all the Gulf mounds is rock_ 
salt, gypsum, and limestone, although in only a few cases has this 
been positively determined by drilling. 

The partial elucidation of the structure of some of the mounds 
ndicates an area of local distortion, penetrating all the strata, even 
to those of Quaternary age, and conclusively assigning their origin to 
some vertically ascending body near their apices. The occurrence of 
sulphur and ga.seous hydrocarbon emanations led to an early belief 
in the volcanic formation of the mounds, but so far there has been 
observed no evidence of intrusive rocks or metamorphic action. 

An effort has been made to connect the mounds of Texas and 
Louisiana with certain fault lines running parallel to the chief 
faulting of that part of the country, and it has been ascertained 
that some of the domes are located at the intersection of these fault 
planes with others traversing a direction nearly at right angles. 
It is submitted that deep-seated hot waters supersaturated with 
saline matter have a.sccnded along these points of weakness and 
deposited their dissolved salts when cooler beds were reached. To 
the force of crystallisation is ascribed the local upheaval of strata 
with the formation of the characteristic mounds. 

' See “Rock Salt. Us origin, geological occurrence, and economic im¬ 
portance in the State of Louisiana,” by G. D. Harris, assisted by C. I. Maury 
and L. Rftnecke. 
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The oil and gas which have generally been found under high 
pressure in the strata above the salt, may either have originated 
from deep sources and risen with the ascending salt waters, or be 
the result of concentration to the apices of the domes from 
surrounding beds where oil was present in small quantities. The 
finding of oil deposits in the upturned edges of the sands penetrated 
by the salt mass, forming as it were an aureole around the salt, 
tends to strengthen the idea of an upward migration of the oil, 



Fig. 41 .—Hypothetical Section of Saline Dome, 
a, Quaternary. h, Tertiary. c-, Dolomite. d. Gypsum. Rock Salt. 

and it is worthy of note that some of the deep drilling round 
Spindle Top, etc., has proved oil of a much higher grade than was 
met with at the apex. 

Fig- 4,1 is a hypothetical section of a typical mound, and a 
structure of this type is supposed to characterise Spindle Top, 
Sour Lake, Saratoga, Batson, Dayton, Humble, Hoskin’s Mound, 
Damon’s Mound, Big Hill, etc., in Texas, and Hackbury, Sulphur, 
Vinton Welsh, Anse La Butte, Petit Anse, Cote Carline, Grand 
Cote, Belle Isle, etc., in Louisiana. The only other parts of the 
world where .somewhat similar mounds have been reported are 
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Algeria and Mexico, but it is possible that the phenomenon 
may be responsible for some of the structures in Egypt, in the 
Hanoverian fields, and even in the Ural-Caspian area where 
perplexing aggregations of salt, gypsum, and limestone confuse 
geological study. In both of these latter fields the oil accumula¬ 
tion appears local and to be concentrated around fault inter¬ 
sections. It may be regarded as probable that if conditions of 
slow subsidence and deposition had occurred, as was the case in 
Texas-Louisiana, similar mounds would have been formed in the 
horizontal sediments. 

It is said that in some mounds beds have been raised i,ooo ft., 
surface denudation proceeding contemporaneously with upheaval, 
and in some cases dissolution of salt has caused the centre of 
the dome to sink, leading to the formation of salt lakes or 
swamps. It is not improbable that some of the fantastic structures 
of the Roumanian and Galician oil-fields are associated with 
crystalline growths of salts that now form the cores of some of the 
oil - fields. Ascending hot, supersaturated waters might deposit 
their contents along the flanks of existing bos.ses, forcing neigh¬ 
bouring strata of a yielding nature laterally and vertically, thereby 
transmitting to them the fan-like .structures which frequently prevail 
under such circuirfstances. In these cases it is not necessary to 
imagine an extensive migration of the salt, but rather a recrystal¬ 
lisation to adapt it to the new conditions under which it is placed. 

The formation of domes has been the subject of an intere.sting 
paper by E. G. Norton,' who attributes their formation to ascending 
waters charged with mineral salts along lines of structural weakness 
first developed in pakeozoic times. Incidentally, in criticising the 
theories of Veatch and others, he asserts that their conclusions 
seem “to impo.se upon Nature a criss-cross arrangement of fault 
lines of such regularity as to exceed her tolerance for geometrical 
design." The growth of travertine and calcareous sinter are 
supposed to have occurred contemporaneously with subsidence and 
deposition of littoral sediments, thus cau.sing irregular mas.ses due 
to alternate overlap of sediment or growth of sinter. The occur¬ 
rence of gypsum is accounted for by the oxidation of hydrogen 

' Transattions of the American Institute of Mininj; Engineers, February 1915. 
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sulphide, the sulphuric acid so formed convertihg the calcium 
carbonate of the rising waters into the relatively insoluble calcium 
sulphate. It is submitted that as sedimentation proceeded with 
the sinking of the area, the carbonated water attacked and redis¬ 
solved the lower layers of calcium carbonate, producing open pores 
in which salt was deposited hy the supercharged waters as a result 
of evaporation losses, release of pressure, etc. This theory does not 
account for the quaquaversal structures said to be imparted to the 
normally horizontal sediments of the district where some domes 
are developed. 

Salt dome quaquaversal structures occur in the southern 
part of Vera Cruz, Mexico, where, however, much valuable 
geological data is frequently obscured by c.xtensive marshes. 
It is stated hy F. W. Moon ^ that the conditions resemble 
those of Texas with the e.xception of the superficial mound 
that there acts as an indicator. Oil is usually contained in 
a porous dolomite overlain hy varying thicknes.ses of Tertiary 
(Miocene or Eocene) marls containing foraminifera, and fine 
sandstones either diatomaceous or infusorial, and underlain by 
gypsum, .selenite, or anhydrite, which in turn cover the “farewell” 
rock salt. Rock salt was proved to a depth of 2,000 ft. in one 
field. Large areas give proof of much folding, and domes have 
been produced by cross flexuring. The main productive oil-field 
in the district was a dome or irregular quaquaversal with a 
subsidiary dome at the crest. 

Igneous Necks and Dykes. —Mexico alone provides 
testimony of the beneficial influence of igneous intrusives on 
oil concentration. The association of volcanic dykes and bosses 
with seepages was long ago observed, but it was only deep 
drilling that disclosed the effect of the connection. Where, 
at a recent date, geologically speaking, intrusive dykes have 
pierced oil-bearing strata, as in parts of Vera Cruz, the dis¬ 
tribution of petroleum has been modified, and may be almost 
independent of structural features in the sedimentary rocks. 
Areas are isolated by igneous dykes that arrest movements 

‘ “Relationship of .Structure and Petrology to the Occurrence of Petroleum,” 
Transactions Inst. M.M., 1910-11. 
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of oil in certain directions, where, unrestricted, the oil would 
gravitate or be transported by water.' 

F. \V. Moon has given the following interesting details con¬ 
cerning the association of the southern Mexican oil-fields with 
igneous intrusives.- In the northern part of the State of Vera 
Cruz, in addition to the frequency of igneous dykes, often no 
more than 2 ft. thick, there are numerous prominent and isolated 
volcanic necks which form conical hills rising abruptly some 
4CX3-500 ft. from the surrounding Tertiary marls, and these were 



Fig. 42.—Hypothetical Section Showing Effect of Igneous Dykes in Mexico, 
a. Eocene. b, Upper Crctaceou:*. r, Lower Cretaceous. d, Basalt. 

almost invariably accompanied by eyes of chapapote (asphalt) or 
exudations of oil. The protrusion of these volcanic necks had 
upturned the edges of the surrounding stratified rocks. 

El Fez, a hill in the famous Ebano oil-field, could be quoted 
as an instance of these conditions that produce a prolific oil-field. 
Many similar hills as Cerro Viejo, Cerra Chapapotal, Cerro Pelen, 
Cerro Toaco, Cerro Palmita, were igneous hills, some basaltic, 
others volcanic agglomerates, accompanied by escapes of petroleum, 

' “The Mexican Oil-Fields,” D. Day, Petroleum Review, June 5, 1909. 

“ Lof. cit. 
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but they have not generally yielded large supplies of oil when 
drilled upon. 

The igneous dykes in northern Vera Cruz appear to radiate 
from or between basaltic centres, such as the Tantima hills and 
minor outstanding basaltic hills, and divide the country into more 
or less independent areas so far as oil is concerned. 

Relative Importance of Structure. —Although at first sight 
the great variety of structures above described would suggest that 
structure itself plays a very minor role in the accumulation of oil, 
sight must not be lost of the fact that in most cases all the factors 
upon which the " anticlinal theory ” is based hold good, even if the 
structure itself is so modified as to bear little resemblance to the 
text-book anticline. This theory, based on the obvious fact of the 
occurrence of oil along anticlines, affirms that, given a porous rock 
containing oil, gas, and water, folded between other strata which are 
non-porous to oil, these various fluids tend under the influence of 
gravity to separate according to their density, the gas along the 
crests of the anticlines, the oil below it, whilst the water remains in 
the deeper portions of the beds. The obvious difficulty of a 
gravitational sorting of oil and water, with probably less than 0.2 
difference in density, against the high frictional resistances existing 
in sandstones, and often with very gentle dips prevailing, is usually 
explained by recourse to time. Be this as it may, most practical 
oilmen now believe that other factors play a not inconsiderable 
part in the movement of oil and gas, of which surface tension is 
one of the most important. 

Looking now only at the question of structure, it must be 
assumed that by whatever means oil and gas tend to accumulate, 
their retention in any large quantity needs a cover to bar their 
continued upward movement. The most homogeneous igneous 
rock is not devoid of pore space, and all sedimentaries usually 
associated with oil series have from 15-20 per cent, pore space. 
Oil will traverse the finest sediments if they are dry, and we can 
therefore only suppose th’at the pore spaces of these finer sediments 
are occupied by water, and, owing to the superior surface tension 
of the latter, the oil is unable to displace it, however high pressure 
may be present; in other words, only a wet clay is impervious 
to oil. 
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The ideal structure would be a dome, including a thick bed of 
sand dipping gently to indefinite extent. In such a dome it is 
conceivable very high pressures might accumulate. It is not a form 
that is met with in Nature. Anticlines are usually very limited in 
a direction at right angles to their line of strike, more especially on 
the steep side, and although they often stretch for miles along the 
strike, it is rarely that they do so without break. In many cases 
they pitch one way, but at times both ways, thus forming an elon¬ 
gated dome, particularly noteworthy examples being Grosny and 
Yenangyaung. Where structures on a large scale do exist, it is not 
the rule to find the sands of the formation to extend equally far. 
This fact is often of vital importance to the preservation of the oil, 
and has been commented on by Carl D. Smith’ with regard to the 
prolific oil-fields of northern Oklahoma, which are situated on the 
western flank of the Ozark uplift, and where the oil beds outcrop, 
but as the principal dimension of the sand bodies lies parallel to the 
strike, contained petroleum is as effectually sealed as in an anticline. 
Famous oil-fields like the Midway-Sunset of California display 
this same feature of discontinuous sands of great productivity 
far down the flanks of an outcropping inonoclinal series, quite 
nullifying the preconceived cla.ss-book form of anticlinal concen¬ 
tration. The most prolific pools of Oklahoma, viz., the Glenn 
and Cushing, have, in addition, gentle anticlinal folding, subsidiary 
to the main monoclinal dip of the region. 

Caution should be observed in drawing sweeping deductions 
from structures which fail to conform with conventional forms. 
Payable productions of oil may be obtained from steeply inclined 
sands, as in the case of the Whittier oil-field (Fig. 43) of California, 
and certain Russian and, Roumanian fields. 

Subsidiary structures of purely local significance should only 
be considered in relation to the general structure when deciding 
upon the merits of an area. Points which have yielded to pressure 
in soft Tertiary strata often become crushed zones which partake 
of the nature of an anticlinorium. Such zones of sharp flexuring 
and distortion are particularly noticeable in the nearly horizontal 
Tertiary^ of parts of Trinidad. 

’Bulletin’ ■ United States Geological Survey, “The Glenn Oil and 
Gas Pool and ■ Oklahoma,” p. 27. 
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ORIGIN, COMPOSITION, CHARACTERISTICS, AND 
TREATMENT OF PETROLEUM. 

Origin of Petroleum and Natural Gas—Theories of Oil Formation from Organic 
Matter-Relationship of Paraffin and Asphaltic Oils—Relationship of 
Grade of Oil to Depth—Composition and Characteristics of Petroleum 
and Natural Gas—Uses of Petroleum Products—Distillation of Petroleum 
—Refining. 

Origin of Petroleum and Natural Gas. —The problem of the 
origin of petroleum has been the subject of scientific controversy for 
many years, and nurnerotis chemi.sts and geologists of distinction 
have been led into an e.vpres.sion of opinion at some time or 
other. The problem is, however, still awaiting a theoretical 
solution that will give genera’ .satisfaction, although the more 
active development of oil-fields and an increased scientific interest 
in petroleum has led to a much clearer perception of the nece.s.sary 
antecedent phenomena resulting in the natural formation of liquid 
hydrocarbons. World-wide exploration has p>'oved petroleum to 
be no curious fluid, produced, as was formerly thought, in a few 
isolated spots on the earth where peculiar conditions existed, 
but a common, widely-distributed product of Nature, which has 
been dis.seminated amidst sedimentary rocks of various kinds 
and ages. 

In seeking the origin of petroleum, therefore, one must not 
introduce extraordinary theories for its production in certain 
localities, but must consider only such views as will account 
for its extensive production and wide distribution by common 
processes of Nature. In certain exceptional cases bituminous 
compounds which are closely allied to petroleum, may call for 
some unusual explanation, such as the occurrence of bitumen in 
metepritic stones which have reached the earth, and the existence 
of similar products in volcanic rocks, but these isolated examples 
bear no intimate relationship to the enormous accumulations of 
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petroleum which it is tlie aim of the oil prospector to locate and 
develop. 

Modern discoveries have enabled the chemist to produce 
synthetically many of the constituents of jictroleum by reactions 
in the laborator)', and even to reproduce some of the isomeric 
forms of the hydrocarbons which occur in crude petroleum. Man)’ 
of the theories advocated or supported b)- leadin';' chemists have 
been proved to be quite untenable, although no doubt ever 
existed that oil could be produced in the maimer described, but 
geological considerations prevented the acceptance of these as 
natural methods of oil formation. 

There are two general theories commonl)- presented to account 
for the origin of petroleum, which may be described as the 
Inorganic and the Organic respective!)', of wliich latter both 
animal and vegetable sources of origin find distinguished 
advocates. 

Inorganic Theories of Origin .—The inorganic theories attribute 
the origin of petroleum to chemical reactions in the interior of the 
earth, mostly involving the formation of gaseous hydrocarbons 
which rose in fissures from great depths and condensed and 
accumulated in upper cooler strata of a porous nature. This 
idea found many* influential adi’ocates at one time, and the 
ascertained action of water on the carbides ol cert'ain metals which 
results in the liberation of hydrocarbons was considered e\’idence 
in support. Some of these theories involved intricate chemical 
reactions and peculiar terrestrial conditions of temperature and 
pressure that made them extremely improbable, but they have 
never been generally accepted, chiefly because much more simple 
and probable reactions will account for the occurrence of petroleum, 
without introducing the many difficulties these theories make it 
necessary to concede. 

In nearly all oil-fields petroleum as confined to strata within 
definite vertical limits. Above or below an area of enrichment 
lie.unproductive sedimentary strata, often quite suitable for the 
storage of petroleum. Had the hydrocarbons emanated, from 
great depths it is difficult to understand why the lower beds 
were not impregnated, or why no evidence remains of the 
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exuding fluids in the crevices and fissures themselves. In 
nearly all cases where there arc veins of bituminous material 
disseminated throughout strata, it is usual to find sedimentary 
beds impregnated with asphaltic matter beneath or in the 
vicinity of the impregnations, tlius disclosing their origin. 

The occasional occurrence of bitumen in vesicular volcanic 
rocks, where they are not in contact with petroliferous forma¬ 
tions, may be due to the condensation of emanations of 
hydrocarbons (possibly derived from contemporary distillations of 
organic shales) at the time of the disturbances resulting in their 
upheaval, but in no case do such rocks yield more than a 
trace of petroleum. Igneous rocks are obviously unsuitable 
reservoirs for fluids were petroleum produced beneath and 
amidst them, and it appears more than a coincidence that 
so many of the world’s most important oil-fields arc developed 
in strata of a recent (Tertiary) geological age, which are generally 
underlain by an enormous thickness of older, unpetroliferous, 
sedimentary strata which would have arrested the upward move¬ 
ment of any deeper-seated products. 

Theories involving intricate chemical reactions ba.sed only 
upon hypothetical considerations have found no acceptance with 
persons intimately acquainted with oil-field phenomena, although 
some of the suggested inorganic reactions are extremely 
ingenious, and show what persistent efforts to produce oil have 
followed a conviction that it has been derived from mineral 
matter. 

Eugene Coste is the staunchest remaining advocate of an 
inorganic origin for petroleum, but bis writings partake more 
of the nature of a general criticism of the acknowledged weak 
features of theories of organic origin than a presentation of con¬ 
vincing argument in favour of his own case. It is impossible to 
den)’ that petroleum, in anything but traces, is in no way associated 
with volcanic or even meflimorphic rocks, nor is true vulcanism any¬ 
where recorded within effective distances of oil-fields. Mendeleieff 
and £)ther scientists were under the erroneous impression that 
mud vulcanoes were related to true volcanic phenomena mainly in 
consequence of the occurrence of oil-fields near mountain ranges. 
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One point of criticism levelled against the organic theory 
by advocates of an inorganic origin is the difficulty of accounting 
for sufficient organic material to produce the immense supplies 
of petroleum found in certain localities. It is claimed that the 
matrix of the earth provides inexhaustible quantities of emana¬ 
tions ; but two points are perhaps overlooked, or at least con¬ 
veniently disregarded, in this connection. Firstly, migration, 
equally applicable to both theories of formation, causes con¬ 
centration in suitable localities, and accumulation may represent 
the product of a wide area ; secondly, geology affords innumerable 
examples of deposits of both animal and vegetable life in quantities 
capable of accounting for such supplies if a mere fractional per¬ 
centage of their volume is considered to be convertible into 
liquid and gaseous hydrocarbons. 

Organic Origin of Petroleum .—The organic origin of petroleum 
now commands almost universal acceptance, although there is 
no general agreement either as to whether oil is derived from 
vegetable or animal matter, or as to the forms of life that provided 
for its genesi.s. Some are bold enough to deduce from very in¬ 
conclusive data conclusions of one kind or another that never 
satisfy the most obvious critical queries, and only provide plausible 
explanations for certain carefully selected cases that are rarely 
reproduced. Closely associated with the problem is the question 
of whether the oil has an adventitious or indigenous origin. 

Methodical mapping and detailed geological study by Govern¬ 
ment geologists who are empowered to demand information from 
producers, and authorised to publish their detailed and matured 
conclusions, has gone far to remove much of the mystery 
surrounding the problem. Circulated data from reliable sources 
have aided and fostered observations in many centres where before 
local scientists had to rely upon their own energies, with nothing 
concerning other areas for comparison. 

Roumanian geologists, under the able guidance of Professor 
Mrazec of the Bukarest Geological Institute, have clearly 
demonstrated a definite relationship between the salt facies ®f the 
Miocene Saliferous series of the Carpathians and the oil-producing 
strata of Roumania. Especial interest attaches to this work, as it 
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does not relate to a single or several oil-fields in a cramped 
region, but applies to a number of oil-fields, spread over a wide 
area on the flanks of the Carpathian Mountains, which range 
sweeps round in a curve presenting changing strikes and innumer¬ 
able phases of structure. 

Unlike many oil-fields, the Tertiaries of Roumania and their 
continuation on into Galicia are particularly rich in fossils, and 
unusually good paheontological data arc available for the recogni¬ 
tion of geological horizons. Many fossils naturally persist through 
a considerable vertical range of strata, but there are certain species 
restricted in their range and development. So sound a basis 
for .study could not fail to throw light on problems el.sewhere 
very obscure. 

The Salifcre is characterised by prevalence of salt, and its 
local development often consists of massive rock salt, which has 
thrust its way upwards through softer, newer beds on many of 
the anticlinal folds. Petroleum is nowhere found in commercial- 
quantities in the Salifere, although it everywhere contains oil, 
but wherever suitable beds of later age unconformably' overlie, 
or recline against the Salifcre, the former contain oil, often in 
enormous quantities. 

Lewis Hamilton resolutely supports the contentions of local 
geologists, after years of study of Roumania, and confirms the fact 
that the yield of oil from Meotic, Levantine and other 1 liocene 
strata bears a very definite relationship to the structure and angle 
of unconformity between these and the underlying or flanking 
Salifere. All the great oil-fields of the country display the 
relationship, and this knowledge is successfully applied in the 
search for new fields. I'urther confirmation of the relationship 
is afforded by the fact that the upper Pliocene beds do not 
contain oil when not thrown into suitable flexures and brought 
into contact, or in proximity'to the Salifere. 

The source of Roumanian oil is thus apparently demonstrated, 
but its origin is less obvious, though popularly and naturally 
attributed to organic matter in the shales of the Miocene saliferous 
beds. Some disconcerting features connected with this hypothesis 
are given on pp. 273-74, and are worth perusal. 
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From California come equally emphatic assertions under the 
signature of that able enthusiast, Ralph Arnold, regarding the 
origin of oil in some of the fields of the state.' It is unequivocally 
a,s.serted that the presence or absence of petroleum in the porous 
strata amidst the Miocene is dependent upon the pre.sence or 
-absence of tbe Eocene shales, and if the Eocene .shales are 
present, then the abundance or .scarcity of oil depends largely 
upon :— 

(rt) The proximity of the sand to the Eocene shales. 

{/?) The state of disturbance of the underlying Eocene shales, 
or their relative position, i.e., whether conformable or 
unconformable to the overlying beds. 

(r) The degree of porosity and grain of sand of the Junction 
Zone beds. 

((f) The effectiveness of the barriers hindering the e.scape of-- 
the hydrocarbons from tlie oil sands. 

Referring specifically to the Coalinga field, Arnold states that 
the productivity of the Miocene beds roughl)' varies inversely 
with their di.stancc from the Eocene (Tejon) shales, and that 
productivity is greatest where the .shales occupy a position of 
angular unconformity with the Miocene sands, or are more or 
less disturbed, as near the axis of an anticline. 

At Coalinga the Eocene shales underlying the main productive 
series are largely composed of the tests of diatoms and foramini- 
fera, and are everywhere petroliferous, their interbedded sands 
l»ing productive of oil ; and it is confidently assumed that the oil 
is derived from organic matter embedded in the shales. The 
cases of Roumania and California afford classical examples of 
sources of oil that are doubtless repeated elsewhere. Peru 
presents a case of shales of a certain age exhibiting traces of oil, 
and giving productions only on the corqparatively rare occasions 
where interbedded with sands, and in Mexico, Texas, and Louisiana 
oil is in some districts confined to sedimentary strata encircling 
or lining bosses of volcanic rock or saline intrusions. Reference 
* .See bulletin 357, United States Geological Survey. 
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is made to the diatomaceous and infusorial character of marls 
associated with Mexican domes by F. W. Moon.' 

Further proof of the organic origin of natural petroleums is 
drawn from their optical activity shown when subjected to polarised 
light, a subject investigated by Rakosin. This latter property 
has been traced to the presence of cholesterol, which is essentially 
a constituent of animal fats, but in some ca.ses phytosterol, the 
vegetable equivalent of cholesterol, and possc.ssing the same 
optical properties, is found, thus indicating in such cases a vegetable 
origin. As cholesterol is said to be the more common optical 
product in oils, an animal origin “ is generally preferred. 

Vfgc.lnhle Snunr.s of Petroleum .—Accumulating evidence 
favours the opinion that vegetable matter may he the source 
of certain petroleums, although there is no justification for the 
uncompromising attitude of certain exponents of this theory. 
Two kinds of vegetable matter are possible, terrestrial and aquatic, 
and in the deltaic conditions that characteri.se so many oil-fields 
either could be equally well appealed to as a source of accumula¬ 
tion. The extensive coal and lignite deposits in many geological 
periods bear eloquent testimony to the presence of carbonaceous 
matter far in excess of that required to provide proved supplies 
of petroleum ; indeed, the very abundance of such deposits which 
have not been converted into petroleum furnishes a strong 
argument against accepting a carbonaceous origin for petroleum. 

That vegetable matter can be partially converted into 
bituminous compounds or hydrocarbons by natural processes is 
demonstrated in every important coal-field. Marsh gas (methang) 
often occurs in great quantities in faulted zones amidst the 
coal measures, but the bituminous .substances found in coal are 
not true bitumens that dis.solve in the usual solvents and emit the 
characteristic odour on burning. Tars derived from the destructive 
distillation of coal in no way resemble natural petroleums or 
the product of oil sjjales; but contain .such products as benzine, 
toluene, phenols, pyridines, naphthalene, anthracene, etc. In this 

> Transactions Inst. M.M., igio-ti, “The Relationship of Structure and 
Petrology to Petroleum.” 

^ Lewkowitsch, “ Chemical Technology of Oils, Fats, and Waxes.’ 
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connection Professor Hewitt, P'.R.S., an authority on coal-tar 
products, has favoured the author with the following views :— 

Petroleum can scarcely be a product of the distillation of coal since it con¬ 
sists for the greater part of hydrocarbons of saturated series, either open-chain 
paraffins C,H‘2»-i-2, or naphthenes (cyc/rt - paraffins) C/jHj,,. Hydrocarbons 
obtained from the action of heat on bituminous coal consist in greatly pre¬ 
ponderating amount of members of the aromatic series, benzine and its 
homologues, naphthalene, anthracene, etc. Associated with them are phenolic 
compounds in considerable proportions and other substances containing sulphur 
and nitrogen in smaller amount. 

The argument may be urged that petroleum nearly always contains some 
aromatic hydrocarbons, which occasionally form an appreciable percentage of 
the whole, and that on the other hand, paraffins are found in practically all coal 
tars, the proportion of paraffin to aromatic hydrocarbons increasing as the 
temperature of distillation is lowered. Supporters of the coal distillation 
theory are, however, met by the difficulty of e.vplaining the absence of any 
notable amount of phenolic bodies in petroleum, and the fact that by no lowering 
of the temperature of distillation of a real coal have tar oils been obtained in 
which aromatic hydrocarbons are represented by mere traces. And yet, a 
petroleum containing 20 per cent, of aromatic hydrocarbons (benzine deriva-'- 
tives) would at once attract attention as a rare occurrence. 

Notwith.standing the great outstanding differences between 
petroleum, oil shale.s, and coal, it may be added, in favour of a 
vegetable origin for some petroleum.s, that actual petroleum and 
true bitumens have been found in small quantities in some coal.s ; 
that .solid paraffins have been extracted by meatis of pyridine and 
chloroform ; and that low temperature distillations in vacuo or 
at low pressures have yielded petroleum hydrocarbons, including 
naphthenes. These latter results of recent re.search seem to 
indicate that, even when coal was the overwhelming product, at 
certain times and places the conditions were merging into tho.se 
which could yield oil, or the macerated vegetable substance 
composing the essential constituent of oil shales. A little thought 
will show that such conditions and results on a small scale might 
have been reasonably anticipated if vegetable matter can form 
oil at all. 

Cunningham Craig' has recently-attributed the origin of 
oil to terrestrial vegetation accumulated under littoral or deltaic 
conditions, but the universal a.ssociation of salt is totally ignored, 
and his similes with coal rather .serve to condemn the theory 
’ “ Oil Finding,” by E. H. Cunningham Craig. (E. Arnold.) 
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he advocates. Certainly few of his deductions fit in with 
observations made in e.xisting oil-fields, and exception can be 
taken to his conclusions in Trinidad, where, in one important 
oil-field of that i.sland, petroleum is contained in lenticles of 
sand embedded in foraminiferal clays containing no traces of 
vegetable matter. The acknowledged Icnticularity of oil sands 
is sufficient explanation for wide differences in the character of 
particular horizons w’ithin short distances. 

It is an observed and constantly commented-on fact that 
coal-fields and oil-fields are nowhere coincident. In the chief 
region where they are remotely associated, namely, the Appalachian 
field of America, the two horizons are absolutely distinct, and 
the coal seams arc u.sed as a reliable index of depth in the 
search for oil and gas beneath. In .Assam, coal occurs in the 
oil series, but as coal, and shows no relationship to oil, and 
in many oil-fields carbonaceous matter abounds, but alw'ays as 
such, and rarely in contact with oil .seam.s. 

The author has seen tons of lignite ejected by a flowing well 
sunk into the Dacian beds of Roumaiiia, but it is well known 
that the contained oil was a product of migration, and not 
formed in the Dacian. Unchanged carbonaceous matter occurs 
in the Russian oil-fields ; and in Peru and Califofnia large deposits 
of tree trunks displaying no trace of oil occur in the oil .series. 

Terrestrial vegetation in a finely divided state, deposited under 
certain conditions, might provide material, within limited areas, 
for the production of oil, but it is not lignite and coal that can be 
appealed to, as all investigations tend to indicate that lower forms 
of vegetable life, such as algat, which are enormously abundant, 
very prolific, and which could flourish in .saline waters under almost 
all climatic surroundings, are a more probable .source. Under 
such conditions low forms of animal life could participate, thereby 
promoting a possible dual ofigin. 

Kxperiments by Krajner and Spilker on mud from the 
Gulf of Stettin revealed the possibility of extracting from it 
paraffin.bodies resembling ozokerite,^ and muds collected from the 
Gulf of Suez and the Mediterranean have yielded traces of petroleum 
^ “ Ber. deutsch Chem. Ges.,” 1900, XXll. ; 19*^2, XXXV, 

17 
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in association with sulphur and ammonia. The oil is thought 
in part to be derived from algre. Certain bitumens considered 
to be associated with petroleum, found on sandy plains near 
Inhambane, Portuguese East Africa, have been attributed to 
accumulations of certain species of alga;. 

Messrs Wade and Illingworth’ have studied .some odorous 
muds collected amongst coral reefs in the Gulf of Suez, where 
the water often recorded a temperature of 40° C. These muds 
were found to consist mainly of such organisms as foraminifera, 
sponges, algae, seaweeds, with other microscopic organisms. 
From this mud was extracted, at 60° F., measurable quantities 
of an oily .substance of sp. gr. 1.01 3 emitting a true petroleum 
odour. The results confirm other data, but it is advisable to 
accept with caution any products collected within the region of 
known oil-fields, as exuding petroleum from outside sources may 
be absorbed by certain bodies, and confu.se the is.sue. 

In a salt marsh, in the Hundred of Malcolm, South 
Australia, there i.s a marginal deposit 30 in. thick of " Mudoil ” 
and “ Indurite ” (?) which, according to G. A. Goyder, consists 
of decomposing diatoms in mud and sand. Hoefer thinks 
this an intermediate product between diatoms and oil, deserving 
study. 

Animal Sources of Petroleum .—Nature provides quite as 
many examples of accumulations of animal life as of vegetable, 
but with both certain essentials must be fulfilled to prevent 
the total decomposition of the fatty or resinous parts. The 
larger forms of life are naturally too scarce to admit of inclusion 
in any theories, and even fish life could only rarely provide material 
for appreciable accumulations. Smaller forms of life are more 
readily preserved, and their highly prolific character would assist 
quick accumulation.s. 

Exception is taken by one writer to an animal origin on 
the curious score that most dead animal matter is devoured, 
and refers to the prevalence of the death mark on the shells 
of molluscs he has collected, ignoring the fact that only 

' “The Origin of Petroleum,” by Arthur Wade and S. Roy illingvyorth 
{Mining Magazine, August 1914). 
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a certain class of siphonatecl carnivorous univalves have the 
power of boring into other shells. Most univalves are vegetarians, 
and all bivalves live on infusoria or on microscopic plants brought 
to them by water currents which their own ciliary apparatus 
excites. Reference could be made to numerous fossil beds 
amidst oil zones where it w'ould be difficult to collect amidst 
millions a dozen specimens .showing evidence of attack in the way 
suggested. 

Exception is often taken to the absence of phosphates if oil is 
derived from animal matter, and at first sight this appears a 
reasonable stricture. I’ho.sphates are rarely found in fresh water, 
as calcium phosphate is insoluble, and other forms gaining 
admission would be quickl)' converted into that substance 
if calcium bicarbonate were also present in the water, as is 
almost invariably the ca.se. Calcium phosphate is .soluble to 
some extent in waters containing sodium chloride (or ammonium 
chloride or carbonate), con.sequently traees of phosphates might be 
expected in some oil-well w'aters if the oil were of animal origin. 
Unfortunatel)-, there is little available evidence concerning the 
comijosition of oil-field waters beyond their salt contents, and 
examination might disclo.sc the presence of phosphates. It is, 
however, in the strata from which the oil is derived that one 
w'ould expect most indications of phosphates, and these have been 
studied even less than the waters. yV further possible reason for 
the paucity or absence of phosphates in certain cases will appear 
in the section dealing with the absence of sulphates (.see p. 269 ). 

Phosphates have been found in the Baku oil sands to the 
extent of upwards of 2 per cent, of phosphoric acid, but if oil 
pools were the concentration of a considerable area of sparsely dis¬ 
tributed oil, the quantity of pliosphate at any definite point would 
be extremely small. In this connection it must not be overlooked 
that where oil is a migration’product, as is generally the case to 
a greater or lesser extent, it is not in the beds in which oil is found 
that the search for phosphates should be made, but in the .strata 
of their origin. It .seems very unlikely that careful analysis 
would fail to disclose the presence of phosphates in such beds as, 
say, the Miocene of Roumania or the Eocene of California, where 
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abundant evidence of marine animal life has been observed ; 
or, indeed, in many of the clays in which the productive lenticles 
of oil sand are enclosed in so many oil-fields. The presence or 
absence of phosphates in strata might probably, in some cases, 
fix the indigenous or adventitious origin of their oil contents. 

Petroleum need not necessarily have been derived from 
animal matter that left visible traces of its structure behind. In 
the process of formation, such matter may have disappeared 
entirely, the carbonate of lime of .shells or skeleton passing into 
solution, the organic portions being converted into petroleum. 

The association of petroleum witli fossil beds has been 
remarked upon repeatedly, but it is easy to place misconstructions 
on such data without knowledge of the fullest details of their 
occurrence. Thus in Roumania bucketsful of the shells of certain 
mollu-scs are withdrawn from oil wells with the sand, but no scientific 
value attaches to the fact, as the oil is not indigenous to the strata 
in which they occur. 

Richard Bright,' in i8i i, described a Liassic lime.stone in the 
neighbourhood of Bri.stol, England, from which petroleum .some¬ 
times exuded, a very unusual phenomenon in England. The rock 
contained large quantities of the remains of crustaceans, corallines, 
and encrinites. Tn the Kuban di.itrict of Ru.ssia, it i.s recorded 
by Winda that petroleum impregnations .are exclusively confined 
to a series of Oligocene strata where the remains of fish are 
abundant, and that where these fossils are absent, neither the 
clays nor the neighbouring sands are petroliferous. The main 
oil sources of Peru are confined to a series of strata remarkably 
rich in fossil beds. 

The absence of nitrogenous matter in oil is frequently 
commented on, but it is far from certain that many shales would 
not yield ammonia on destructive distillation. Typical oil .shales 
of commercial worth are known tb have no relationship with 
oil-fields, although they are frequent in coal measures. These shales 
always provide ammoniacal liquor on distillation, and the entire 
absence of even microscopic traces of organic matter provides an 
instructive example of the extent to which traces of oil-producing 
■ Transactions Geol. Soc., IV. 199. 
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organisms, either animal or vegetable, can be absolutely obliterated 
by the processes of Nature. 

Nitrogen is frequently present in natural gas from oil and 
gas fields, at times forming over 8o per cent, of its composition,* 
and its occurrence may be much more extended than usually 
suppo.sed in crude oils. Its presence has been noted in American, 
Russian, and Algerian crude oils. Crystals of ammonia carbonate 
have been collected from gas wells near Pittsburg, and nitrogen 
has been found and estimated in Trinidad asphalt. 

Leonard V. Dalton is inclined to attach to limestone oils 
an animal origin from geological considerations alone,’* but this 
conclusion is perhaps too .sweeping, as such porous bodies as 
d(jloinites are convenient receptacles for oil from outside sources. 
If the oil is indigenous to the limestones, terrestrial vegetation 
is quite outside consideration, and even other forms of vegetation 
are doubtful. 

Theories of Oil Formation from Organic Matter. —In con¬ 
sidering the organic origin of petroleum, it is idle to disguise the 
absence of co-operation between geologists and chemists. The 
study of the origin of petroleum demands the highest skill in 
both branches of .science, and unfortunately the chemists have often 
been led astray by their ignorance of geological conditions. In¬ 
creasing volumes of literature, detailing with great precision features 
ob.served in widely separated oil-fields, cannot fail to stimulate study 
in a branch of science which has hitherto perplexed so many 
people. 

One writer goes so far as to .state that unless the origin 
of the oil is known geological study is wasted and capitalists 
should refrain from risking their finances. Advice of this kind 
is quite gratuitous, as in no case yet has the origin of oil in 
any field been clearly cstabli.shed. Many of the greatest oil¬ 
fields of the world were discovered and worked before geologists 
or chemists were aware of the elementary conditions that promote 
the accumulation of oil. 

A 'terrestrial vegetation theory of the origin of petroleum is 

‘ See Vol. IX., “United Stales Geological Survey of Kansas.” 

* “On the Origin oiVtiroXtam," Economic Geology, Vol. IV., No. 7, 1909. 



260 


Oil-Field Development 

abundant evidence of marine animal life has been observed ; 
or, indeed, in many of the clays in which the productive lenticles 
of oil sand are enclosed in so many oil-fields. The presence or 
absence of phosphates in strata might probably, in some cases, 
fix the indigenous or adventitious origin of their oil contents. 

Petroleum need not necessarily have been derived from 
animal matter that left visible traces of its structure behind. In 
the process of formation, such matter may have disappeared 
entirely, the carbonate of lime of .shells or skeleton passing into 
solution, the organic portions being converted into petroleum. 

The association of petroleum witli fossil beds has been 
remarked upon repeatedly, but it is easy to place misconstructions 
on such data without knowledge of the fullest details of their 
occurrence. Thus in Roumania bucketsful of the shells of certain 
mollu-scs are withdrawn from oil wells with the sand, but no scientific 
value attaches to the fact, as the oil is not indigenous to the strata 
in which they occur. 

Richard Bright,' in i8i i, described a Liassic lime.stone in the 
neighbourhood of Bri.stol, England, from which petroleum .some¬ 
times exuded, a very unusual phenomenon in England. The rock 
contained large quantities of the remains of crustaceans, corallines, 
and encrinites. Tn the Kuban di.itrict of Ru.ssia, it i.s recorded 
by Winda that petroleum impregnations .are exclusively confined 
to a series of Oligocene strata where the remains of fish are 
abundant, and that where these fossils are absent, neither the 
clays nor the neighbouring sands are petroliferous. The main 
oil sources of Peru are confined to a series of strata remarkably 
rich in fossil beds. 

The absence of nitrogenous matter in oil is frequently 
commented on, but it is far from certain that many shales would 
not yield ammonia on destructive distillation. Typical oil .shales 
of commercial worth are known tb have no relationship with 
oil-fields, although they are frequent in coal measures. These shales 
always provide ammoniacal liquor on distillation, and the entire 
absence of even microscopic traces of organic matter provides an 
instructive example of the extent to which traces of oil-producing 
■ Transactions Geol. Soc., IV. 199. 
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and other sulphur compounds in the petroleum and gases, and of 
iron pyrites in the oil-bearing beds, must be accounted for. 

7 . A plausible reason for the high gas pressures usually 
encountered must be offered. 

(l) No direct proof is available regarding an adequate supply 
of organic matter, as where petroleum has been formed all essential 
organic material has disappeared in the process of conversion. 
Coal and most terrestrial vegetation .scarcely require consideration, 
as the former was produced from the latter under circumstances 
quite inapplicable to petroleum. The small quantities of vegetation 
wa.shed from the land might add to other .sources of .supply. 

Petroleum-producing conditions must have originated under 
water, and thi.s water must generally have been more saline than 
ocean waters, consequently marine organisms appear a nece.s.sity 
for such large quantities of organic matter as it is necessary to 
assume. 

Open oceans do not provide the es.sential conditions, although 
the aggregate quantity of organic matter would suffice. P'reedom 
of dispersal of organic living forms would lead to no accumulations 
of their bodies ; indeed, the beds of oceans far from land receive 
little deposit of any kind. 

An inland sea, large gulf, or a lagoon, whefe all inorganic and 
organic washings from the land must accumulate, where wide 
margins of shallow warm water favour the growth of aquatic 
vegetation, where forms of animal life restricted in genera and 
species and prodigious in numbers flouri.sh, and where, in com¬ 
paratively stagnant water, microscopic forms of animal and vege¬ 
table life abound, would appear to furnish, after the lapse of long 
periods of time, adequate material for the production of the oil 
found in specific areas. 

On the eastern shore of the Caspian is a large gulf, named 
Karaboghaz, separated from the open sea by a mere strip of 
land, and whose on^' communication with the open sea is by a 
narrow channel about 150 yds. wide and 5 ft. deep, through 
which'a continuous but fluctuating stream of water flows, at a rate 
averaging 3 miles per hour, the current being entirely due to 
the great evaporation in a confined shallow area. The total 
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area of Karaboghaz is about 8,ooo sq. miles, and Von Baer, who 
has especially studied the Caspian, estimates that no less than 
350,000 tons of salt are daily abstracted from the sea by this 
basin alone. As there arc many other similar basins of smaller 
dimensions on the eastern and southern shores of the Caspian, and 
on the northern shores enormous lagoons where salt is deposited 
in a manner very like that at Karaboghaz, a reason is found for the 
brackishness of the Caspian, and an explanation is fortlicoming 
for the intense salinity of some of the strata fringing the coasts. 

Into this huge basin arc swept daily thousands of fish, which 
cannot survive the intense salinity of the water, and whose remains 
must be deposited together with other sedimentary matter. The 
Russian Government has under its consideration a scheme for 
closing the channel to this basin in order to save the fish. 
Violent sandstorms periodically sweep the region of Karaboghaz, 
and one is led to inquire whether the deposition of huge quantities 
of fish remains known to be oily in a deposit of salt, and probably 
sulphate of lime, where practically the only siliceous matter is 
sand conveyed by winds, is not forming the material for a future 
oil-field, not very unlike the existing oil-fields. 

The same phenomena may be proceeding elsewhere on a much 
less impressive scale, yet under conditions likely to lead to not 
only accumulations of oil, but also to the formation of geological 
facies typical of oil-fields. Thus Roswell H. Johnson,' commenting 
upon the role of barrier beaches and salt marshes, says ; “ The 
south shore of Long Island is \ery low, and edged with sedgy 
marshes. For a long distance a barrier beach of .sand, similar 
in texture to our best oil sand.s, lies from one to three miles from 
the shore. The intervening lagoon communicates at occasional 
inlets with the ocean. It supports a rich flora of eel grass and 
algae, and an accompanying fauna. The resulting deposits are 
black and grey muds and clay, often odorous with the decay of 
plants and animals. The conditions ace jqst such as would be 
expected to produce elongated sand bodies, contiguous to organic 
shales.” 

That the accumulation of animal remains in such lagoons may 
' licommU Geo/ogy, Vol. \n., p. 810. 
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and other sulphur compounds in the petroleum and gases, and of 
iron pyrites in the oil-bearing beds, must be accounted for. 

7. A plausible reason for the high gas pressures usually 
encountered must be offered. 

(l) No direct proof is available regarding an adequate supply 
of organic matter, as where petroleum has been formed all essential 
organic material has disappeared in the process of conversion. 
Coal and most terrestrial vegetation .scarcely require consideration, 
as the former was produced from the latter under circumstances 
quite inapplicable to petroleum. The small quantities of vegetation 
wa.shed from the land might add to other .sources of .supply. 

Petroleum-producing conditions must have originated under 
water, and thi.s water must generally have been more saline than 
ocean waters, consequently marine organisms appear a nece.s.sity 
for such large quantities of organic matter as it is necessary to 
assume. 

Open oceans do not provide the es.sential conditions, although 
the aggregate quantity of organic matter would suffice. P'reedom 
of dispersal of organic living forms would lead to no accumulations 
of their bodies ; indeed, the beds of oceans far from land receive 
little deposit of any kind. 

An inland sea, large gulf, or a lagoon, whefe all inorganic and 
organic washings from the land must accumulate, where wide 
margins of shallow warm water favour the growth of aquatic 
vegetation, where forms of animal life restricted in genera and 
species and prodigious in numbers flouri.sh, and where, in com¬ 
paratively stagnant water, microscopic forms of animal and vege¬ 
table life abound, would appear to furnish, after the lapse of long 
periods of time, adequate material for the production of the oil 
found in specific areas. 

On the eastern shore of the Caspian is a large gulf, named 
Karaboghaz, separated from the open sea by a mere strip of 
land, and whose on^' communication with the open sea is by a 
narrow channel about 150 yds. wide and 5 ft. deep, through 
which'a continuous but fluctuating stream of water flows, at a rate 
averaging 3 miles per hour, the current being entirely due to 
the great evaporation in a confined shallow area. The total 
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been struck in Trinidad (93° F.), and the Grosny (117° F.) and 
Cheleken oil-fields of Russia. At Kaiakent, near Derbent, in the 
Caucasus, hot malodorous sulphur water issues from the earth in 
an oil region, and the springs have long been frequented by 
peasant.s seeking relief from rheumatic complaints. 

Further evidence of occasional high temperature has been 
disclosed in the periodical discovery of burnt shales, referred 
to on p. 194. The porcclainitc of Trinidad (illustrated in 
Fig. 23) and the burnt .shales of Barbados, as.sociated with the 
oil-fields of these islands, have only been examined at or near 
the surface, but they may continue to a considerable depth. 
Similar burnt red .shales arc mentioned by Arnold and Claridge 
as occurring in the Santa Maria district of California, and 
are also recorded as being found in deep wells, showing that a 
high temperature was developed, and even combustion could pro¬ 
ceed without the aid of air and at great depths. 

Notwithstanding the.se concessions to high temperature reactions 
on organic matter as a source of oil, they must be regarded as 
exceptional and possible, and not as general and certain ; indeed 
it can be proved in many cases that oil formation preceded the 
igneous intrusions or earth movements that might otherwise have 
been postulated as the cause of oil lormation from organic matter 
at high temperature.s. In other words, so far as present evidence 
goes, in order to account for f)il formation from organic matter, we 
must not call in temperatures beyond the highest earth temperature 
due to depth of the rocks from which the oil was derived, which 
certainly never reached the destructive distillation point at the 
pressures also involved by the same depth. 

But there arc only two low temperature reactions known that 
are capable of forming hydrocarbons from carbon ; one where an 
alkali metal or a metal of the alkaline earths is present to take 
precedence of carbon in the demand' for oxygen, with the con¬ 
comitant obligation to the latter of havjng to be satisfied with 
liberated nascent hydrogen, as when calcium carbide is placed in 
water and yields acetylene—a reaction it is quite impossible to 
consider in the case of petroleum being derived from organic 
matter. The alternative is direct or indirect bacterial action, which 
is not only^possible, but for many.reasons probable. 
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(3) It is well known that organic matter, even that most 
susceptible to decomposition, can be preserved indefinitely by 
sterilisation and total exclusion of air, which means protection 
from the attacks of bacteria; that is to say, dead organic matter 
has no inherent tendency to spontaneously break up. 

Under normal sub-aerial conditions, such as exist in soil, 
organic matter will gradually be converted, by aerobic bacteria, into 
simple, oxidi.scd, inorganic bodies, such as carbon dioxide, water, 
ammonia (passing into nitrates), and a.sh, the same materials from 
which it was originally formed directly or indirectly. Rut when 
free oxygen (ordinarily supplied by the air) is deficient, or absent, 
quite different products result; the action is still bacterial, but 
anaerobic bacteria take the oxygen they require for their life 
functions from compounds containing it; that is to .say, they 
deoxidise them, and in doing so generate quite different bodies, 
hydrides being particularly in evidence, such as hydride of 
phosphorus (phosphoretted hydrogen), hydride of sulphur 
(sulphuretted hydrogen), and hydrides of carbon (the hydro¬ 
carbon marsh gas, the first member of the paraffin scries, especially). 
It is highly probable that enzymes, products of bacterial action, are 
largely concerned in the chemical actions. In any case the result 
is a comjjlete transformation of the original anjmal and vegetable 
substances, as is evidenced by every stagnant pond or septic tank. 

(4) Supposing bacterial or enzyme action is admitted as a main 

factor in the production of petroleum from organic matter, all 
difficulty concerning the common or general absence of nitrogenous 
compounds in the oil or associated waters disappears ; for whereas 
under aerobic conditions nitrogenous matter in decomposing tends 
to pass through the stages, ammonia, nitrites, and nitrates, under 
anaerobic conditions nitrites or nitrates are broken up, and nitrogen 
is set free as a gas. In this way much of the easily decomposable 
nitrogenous matter might disappear before burying up of the 
other organic matter, but evidently at times it did not, for nitrogen 
is often very largely in evidence in oil-well gases (see p. 261), 
indicating not only the presence of nitrogenous bodies in the 
original buried organic matter, but also a continuation of processes 
after covering up similar to those taking place before covering 
up took place. , 
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(5) Salt .—On account of the very frequent excessive saltness 
of the waters associated with petroleum, many attempts have 
been made to enrol salt as a factor in the transformation of 
organic matter into oil. For instance, Professor Mrazcc has 
stated that experiments have proved that in the water of the Bay 
of Naples carbon in the form of hydrocarbon is present in con¬ 
siderably larger quantities than carbon in the form of carbonic 
acid gas, which ]jhcnomenon he attributes to the saltness. 
Further, he says, from the chemical point of view, judging by the 
investigations of Kuenkler and Schwedhelm, the action of salt 
water must be of a saponifj’ing nature, namely, the salts of the 
fatty acids arc decomposed and hydrocarbons set free. 

Another view of the active intervention of .salt is that of a 
preservative, a retarder of decomposition in organic matter, thereby 
permitting of the burj ing up of the matter before complete 
dissolution. 

Whilst not losing sight of these possible or probable effects, it 
is here suggested that the “role” of salt is mainly of a different 
character. 

(rt) It is a well established fact that fine sedimentary matter 
will sink more rapidly in salt water than in fresh, for some reason 
which is at present'rather obscure, but attributed to the formation 
of a colloid. 

{b) P'ine sedimentary matter has a knack of attaching itself 
to minute, micro.scopic, and irerhaps individual!}- undetectable 
oil globules suspended in water {cf. “ I'anulsion,” p. 504, Plate 
XXXIV.), and in sinking would naturally carry down these and 
decomposed or decomposing organic matter that might otherwi.se 
float on the surface or remain in suspension ; probably the pro¬ 
cess by which great quantities of oil discharged on to waters with 
which it is not miscible is got rid of Salt here would act mainly 
as an accelerator of deposition of organic matter, but it may 
also act in some of the other ways indicated above. 

• (c) But, in connection with the main purpose of this considera¬ 

tion of the origin of petroleum, .salt, or a highly saline water, is 
primarily an indicator of the previous existence of those 
conditions which would lead to the accumulation of organic 
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(3) It is well known that organic matter, even that most 
susceptible to decomposition, can be preserved indefinitely by 
sterilisation and total exclusion of air, which means protection 
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to pass through the stages, ammonia, nitrites, and nitrates, under 
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nitrogenous matter might disappear before burying up of the 
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is often very largely in evidence in oil-well gases (see p. 261), 
indicating not only the presence of nitrogenous bodies in the 
original buried organic matter, but also a continuation of processes 
after covering up similar to those taking place before covering 
up took place. , 
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the formation of iron pyrites in the ferruginous muds is easily 
understood. The presence of sulphur dioxide in the oil and 
gases, of free sulphur in the rocks, and even the oil occasionally, 
and of peculiar sulphur compounds with constituents of the oil, 
do not admit of specific explanations. Some waters associated 
with petroleum are acid, probably due to o.xidation of iron pyrites 
in rocks deficient in calcareous matter to neutrali.se the free 
sulphuric acid contemporaneously produced. Such waters coming 
in contact with unsaturated hj'drocarbons would form additire 
compounds that would give off sulphur dioxide. Sulphur dioxide 
and sulphuretted hydrogen reacting would produce water and 
free sulphur. But the following paragraph ver)' much di.scounts 
such an e.xplanation as a general one. 

It is interesting to note that limestone oils nearly always 
contain e.xcessive quantities of sulphur compounds which impart 
to them a disagreeable odour, and to the associated gases verj" 
poisonous qualities. Objectionable properties are also retained 
by the products of distillation, and special and difficult treat¬ 
ment is usually necessary to remove the responsible sulphur 
compounds before the oils can be marketed. The limestone oils 
of the Lima-Indiana and Canadian fields are examples, whil.st 
those of some of tiv; Texas fields,'ike Spindle Top, are renowned. 
The oil derived from limestones in I'ersia, the Jeinsa field of 
Egypt, and certain of the Mexican fields, testify to this prevailing 
and far-reaching phenomenon. Many deaths have resulted in 
most of the above-named oil-fields from inhalation of the 
poisonous gases which accompany these oils in encjrmous volume.s. 

(7) The very high gas pressure encountered in .so many wells, 
when the oil-bearing beds are first tapped, must mean that in 
the formation of oil the decomposition of organic matter was 
continued after its deposition and covering up bj' newer impervious 
strata. It may have been continued through long periods of 
time. 

It is now generally admitted that bacterial action is directly 
responsible for the preliminary chemical actions by which organic 
matter is converted into oil, but there unanimity of opinion ceases. 
The changes themselves, suggested by Engler as a result of able 
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and persistent work in the laboratory, may be near the truth, 
but for the bringing about of these changes by Nature in the 
buried organic matter exceptional, violent, but ill-defined causes 
are called in. Is this necessary ? 

The purely chemical problem of oil formation is beyond the 
scope of this work, but the following tentative suggestions on 
the subject may be made. 

No experimental data will support, or even admit, of the 
supposition that sterile organic matter would spontaneously 
undergo chemical changes so as to form oil under such conditions 
of temperature and pressure as the earth alone could have given 
to most oil-bearing beds ; some inducing agent must al.so have 
been present, and a particular form of inducing agent, if vegetable 
matter, for instance, was to form oil and not coal. 

The tendency of modern bacteriologists is to regard the enzymes 
which are the products of bacterial action as the main cause of 
observed chemical effects, by acting as catalysts. It may well 
be that the colloidal .enzymes resulting from anaerobic bacterial 
action are buried with the organic material they are acting upon, 
and there continue their action, for there is no obvious reason 
why, as catalysts merely, they should cea.se to perform their 
functions so long as sufficient unstable organic material remains, 
and they themselves are not destroyed by heat, oi inhibited by 
the products t)f tlicir action. 

That such is actuall\' the case is rendered the more probable 
from the fact that the first result of anaerobic action on organic 
matter is marsh gas, and marsh gas is the evei-present gas from 
newly tapped oil sources, to which indeed more than any other 
the great pressures encountered are due, though nitrogen also is 
a result of the same actions, and is a very common attendant of 
the marsh gas, adding to the pressure. 

Thus the actual hydrocarbon products would seem to depend 
upon {a) the nature of the primary organic matter, ( 6 ) the 
particular character’of tlie catalytic enzymes ; (c) the temperature 
and pressure reached before complete conversion ; and {d) finally, 
the adjustment of constitution and proportions of the various 
hydrocarbons would depend upon both the actual pressure and 
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the amount of uncondensed gas. Increase of temperature probably 
only acted as an accelerator of the catalytic action. 

The Relationship of Paraffin and Asphaltic Oils.— The view 
has constantly been expressed that, for chemical reasons, oils of 
a paraffin base have been derived from vegetable matter, and 
asphaltic oils from animal matter. study of the relationship 
of asphaltic and paraffin oils would therefore assist in supporting 
or disproving this suggestion, .'\ttention has already been called 
to the inexplicable occurrence of these two kinds of oil in the 
Carpathian oil-fields. Roumania and Galicia yield normally 
asphaltic oils of the usual character in numerous localities 
where the Saliferous scries is developed, con.scquently this could 
be termed, without contradiction, the normal phase of the 
Carpathian oil. The geological sequence is well established, beds, 
are easily recognised by characteristic fossils, thereby eliminating 
various sources of error. 

Along one pronounced Roumanian anticline asphaltic oils are 
yielded by the Meotic in commercial quantities over a varying 
width of territory until Campina is reached, when the oil 
changes into a typical paraffin variety. Intimate association 
with the Saliferous series is maintained throughout, but develop¬ 
ment is not sufficient!)’ concentrated to the east of Campina 
to discern the line of demarcation, and to show whether the 
change is gradual or sudden. The passage of the River Telega 
may represent some sudden change of structure. 

Moreni lies on a long, well-defined line of flexuring, along 
which asphaltic oils prevail at numerous operated points, and 
it was not until Filipeshti was tested by a well carried through 
barren strata to the Meotic that paraffin-base oils were suspected. 
Only a few miles further to the west, at Moreni (Bana), the 
Meotic in proximity to a core of Saliferous strata again yields 
paraffin-base oil, but the upper strata, of Dacian and Levantine 
age, also reclining against the same Salifere core, yield asphaltic 
oils. 

Boryslaw-Tustanowice constitutes another example of pavaffin- 
base oil being produced amidst typically asphaltic oil surround¬ 
ings, the association with the same Salifere being maintained, 
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At Starunia, near Stanislau, ozokerite is mined, but no very- 
productive oil-field has been developed. 

In Ru.ssia several example.s of the .same kind occur. The 
western extension of the Grosny field yields paraffin-bearing 
oils, although for an operated distance of many miles, where 
wells have been sunk to a considerable depth, nothing but true 
asphaltic oils have been found. The only apparent difference 
is that the anticline pitches to the west, rendering drilling deeper. 
Water in greater quantities is found, the same geological sequence 
of beds appear to persist, and the structure shows no pronounced 
change. 

Cheleken, on the Caspian .Sea, off Krasnovodsk, yields 
paraffin-bearing oils and ozokerite, although the beds are of 
Apsheron age, the same as overlie the oil-fields of Baku, where 
common asphaltic oils are universal. At Neftiania, in the Maikop 
oil-field, ozffkerite occurs, although the region provides almost 
exclusively asphaltic oils, and in the neighbourhtjod of Tiflis, 
at lldokani and Tsarsk)' Kolodsi, paraffin oils are obtained. 

Petroleum of a typical asphaltic variety contains quite con¬ 
siderable quantities of wa.x in Mexico, the unusual as.sociation 
of the heaviest class of asphaltic oil with paraffin wax introducing 
many difficulties in refining. • 

In the Peruvian oil-fields the usual oil )-ields no appreciable 
solid paraffins, but in the higher oil series, oils containing a fair 
percentage of paraffin scale have been found at Lobitos and 
Negritos. California now provides a semsation by the di.scovery 
of paraffin-base oils beneath the ordinary variety in the Ea.stside 
oil-field of Coalinga. It’is said that in Borneo paraffin-base 
oils were struck beneath the asi)haltic type on one anticline. 
In the Minbu oil-field of Burma a den.se viscou.s oil was struck 
containing no paraffin, although lumps of paraffin scale were 
rai.sed with the detritus about the depth oil was struck. 

The preceding facts indicate the close association of 
asphaltic and paraffin-base oils, and empha.sise the advisability of 
hesitating to attach to the two classes a distinctively different origin. 
If the two varieties are derived from different material, the circum¬ 
stances attending its deposition must bear a close resemblance. 

i8 
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Nor is this latter surmise difficult to believe, as the conditions 
which supported vegetable life might equally sustain certain forms 
of animal life, whilst their relative points of deposition in an 
area might be different. 

Repetition of structure does not avail in seeking a reason 
for the different oils, as no two fields could present more dissimilar 
structures than I'ilipe.shti and Moreni. Association of certain 
junction beds provides no plausible explanation, as in the 
Carpathians the oil is concentrated in the contact region of 
the Salifere with more recent beds, but the two qualities of 
oil are not confined to beds of any particular geological series. 

Considerations of depth fail to elucidate any relationship with 
the nature of oil. In certain ca.ses paraffin oils occur high in 
the geological sequence, as in Peru, Campina, and Grosny, and 
in other cases low, as in I'ilipe.shti, Borneo, California. One point 
is worthy of record, however, although it may be merely a. 
coincidence, that in no case known to the author has asphaltic 
oil been found beneath i)araffin-base oil in the vertical geological 
sequence of oil-impregnated strata ivitkin the confines of n 
single fool. 

Paraffin and asphaltic base oils appear indiscriminately amidst 
the same geological formation in Burma. Ycnang>aung and 
Singu provide normal paraffin varieties, but the strata of the 
same age at Minbu and Yenangyat yield oils dev(vid of paraffin. 
The problem of their relationship is not simplified by the 
discovery of lumps of paraffin wax in a Minbu well yielding 
a typically asphaltic oil the same as other wells in the vicinity. 

Whilst very inconclusive, the above facts rather tend to support 
the opinion that both paraffin and asphaltic oils have either a 
common origin, or are closely allied, and their different chemical 
constitution is due to other cau.ses connected with their modes 
of formation or concentration. * 

Relationship of Grade of Oil to Depth. —Repeated attempts 
have been made to establish some relationship between quality 
or density of petroleum and depth. The density of .oil has 
popularly been regarded as connected with depth, some observers 
considering light crude oils to be purified products of deef)er, 
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heavier types, others maintaining that heavy oils are the product 
of lighter varieties deprived of their more volatile constituents. 
Depth, in this connection, is variously considered with relation to 
a fixed datum line, depth beneath surface or relative position in a 
geological sequence of rocks, according to which suits the local 
conditions under discussion. 

Within restricted areas relationships can undoubtedly be 
traced, but considered on a larger general scale neither theory 
will hold good, however applied. Thus light oils are found at 
very shallow depths where least suspected, and are underlain b\' 
hea'der varieties. Tight oils are found beneath much heavier 
grades, and both light and heavy arc found indi.scriminately 
dispersed in a geological sequence. 

That proximity to surface does not nece.ssarily depreciate 
quality is clearly demonstrated by such fields as Tabaquite, 
Trinidad, where consistent yields of oil of a density of .790 
(47° B.) with 40 per cent, petrol, have been obtained at an 
average depth of only 350 ft. ; and by some of the Sumatra oil- 
field.s, where large supplies of .756 (55° B.) oil are obtained at 
400 ft. Petroleum of a den.sity of .800 (45° B.) containing 
40 per cent, benzine has been e.xtracted in great quantities from 
depths of from 400-700 ft. in the Moreni (iBana) oil-field of 
Roumania ; and at Surakhany, to the .south-east of the Saboontchy 
oil-field of Baku, enormous gushers of .785 (50" B.) gravity oil, 
containing 48.9 per cent, of benzine and 43.9 per cent, of 
kerosene, were obtained at depths of less than 1,000 ft. In the 
Negritos oil-field of Peru oil of a density of .790 (47' B.), 
containing 3 5 per cent, of benzine, was regularly obtained from 
one area of development at 500-1,000 ft.; and in the Maikop oil¬ 
field of Rus.sia crude oil containing 30 per cent, of benzine was 
obtained from a sand no deeper than 300 ft. 

Petroleum of fairly regular den.sity and constitution frequently 
saturates numerous .■^nds' through a considerable thickness of 
strata, the oils higher in the geological series and occurring at 
inconsidftrable depth from the surface closely resembling those 
struck at a depth of 2,000-3,000 ft., and low in the geological 
sequence. In several of the Californian oil-fields sands impregnated 
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with heavy oils, or even tar sands, are underlain by sands contain¬ 
ing lighter density oils, and the same feature was noted in the 
Guapo field of Trinidad. A heavy oil stratum overlies the rich 
light oil horizon of the Maikop oil-field ; and the lightest oils of 
Galicia, in Bitkoff, having a density of .764 (54 B.), are struck at 
a depth of 1,800-2,000 ft. 

On the other hand, beneath the light oils of Surakhany were 
struck the normal .880 (29" B.) density Baku oils; and in the 
Sumatra oil-field, already alluded to, the density of oil rose with 
depth to .773 (53' B.) at 800 ft., and .800 (46“ B.) at 2,300 ft. 
Beneath the light oil horizon of Moreni (Banaj was struck at 
3,000 ft. den.ser paraffin-bearing oil in a different geological 
series. The Moreni (Banaj field pre.sents the unusual spectacle of 
three widely differing grades of oil being commercially developed in 
a field no larger than a hintdred acres, viz,, on the northern flank 
of the anticline shallow light oil and deep paraffin-bearing oil.<; 
and on the southern flank typical Moreni oil. 

The light oils of Peru, to which reference lias been made, are 
found in strata high in the geological sequence, sufficient un¬ 
impregnated strata lying between thc.se beds and the deeper 
heavy oil horizons to preclude any relationship. Oil from the 
Minbu oil-field < 5 f Burma is of a much less volatile and denser 
quality than other oils of Burma, although occupying an almo.st 
identical relative position in the geological sequence. 

Composition and Characteristics of Petroleum and Natural 
Gas. —Crude petroleum as it is found in Nature usually has a 
density of from .820-.940, although much lighter and much 
heavier varieties are occasionally met with. Some asphaltic oils 
are as heavy as water, their c.xcessivc vi.scosity giving them little 
commercial worth. Natural oils of a specific gravity of only .770- 
.780, often known as “ white ” oils, are sometimes struck in fair 
quantities, having apparently suffered some process of natural 
purification in the earth. 

Freshly withdrawn petroleum emits a di.stinct but pleasant 
odour, unless contaminated with sulphur compounds,.when it 
may be very objectionable and even offensive. Light con¬ 
stituents such as benzine usually emit a sweeter smell than 
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those less rich in volatile contents. Viewed by transmitted light, 
crude oils show a wide range of colour from amber, yellow, green, 
reddi.sh brown, and through shades of brown to almo.st black, 
and under reflected light most exhibit a greenish colour, some in 
sunlight .appearing a vivid green ; that is to saj', crude petroleum 
is mostly dichroic. Unruffled surfaces of petroleum reflect objects 
in a wonderful manner, and in consequence enormous numbers of 
in.sects and even birds lo.se their life through mistaking surfaces 
of oil for water, after .settling on its surface the viscous material 
preventing the use of their wings. 

curious phenomenon observed in .some liot countries is 
the retention of a shadow 0)i an oil surface after the object 
throwing the shadow is removed. This is attributable to the 
influence of fierce .solar heat on frc.shl)’ extracted oil, a shadow 
cast on the surface protecting that shaded portion of the oil, and 
causing thereby an unequal evaporation, and con.sequently unequal 
coloration of the oil. 

The so-called “ white ’’ oils occasional!)- met with in oil¬ 
fields are usually transparent and amber tinted, and are evidently 
infiltration products of darker varieties which are usually found 
in the neighbourhood. The\’ are rarely found in considerable 
quantities, but the author is inclined to belreve that they are 
very commonly .struck in small quantities during the drilling 
of well.s, although onl)- occasional!)- recognised by the drillers 
on account of their admixture with .slush, and their resemblance 
to the dirty waters raised from the well. 

It has been proved experimentally that dark crude oils 
can not only be deprived of their colour by forced filtration 
through fuller’s earth or clay, but that a certain fractionisation 
can be accomiflished also. There is no doubt that a .similar 
natural process has proceeded in the earth where the white 
oils are found in the clays .separating strata yielding dark oiks. 

Occasional!)- comsideiable qu-antities of the “white” oils have 
been found, but the only district which has regularly yielded 
this type in great quantities is Surakhany, on the outskirts of 
the Roman)' oil-field of Baku, where wells yielding as much as 
48 tons of white oil daily ha''e been struck, but even there the 
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•elationship with the darker crudes has been established by 
:he discovery of important deposits of the ordinary Baku oils 
it greater depths. A sample of Surakhany “ white ” oil, taken 
ay the author from a flowing well which gave in one year about 
10,000 tons of a similar oil, had the following characteristics ;— 

Colour :—Pale amber, clear and transparent. 

Specific gravity :—.780. 

Odour :—Ethereal and pleasant. 

More than 50 per cent, distilled over below 150° C. and 
practically all was evaporated below 300° C. 

A sample of “ white ” oil from the Los Angeles di.strict of 
California, having a specific gravit}’ of .810, yielded on dis¬ 
tillation :— 

Kelow 150” C. - - - 51 per cent., sp. yr. .783 

From i50'-270° C. - - - 43 « >■ -834 

Above 270“ C. - - - 4 1. 

Sumatra yields large quantities of volatile crude oils of the 
colour of port wine, with a marked absence of impurities and 
asphaltic or paraffin residues. Their densities vary from .750- 
.800, and from 50-60 per cent, of spirit is obtained by distilla¬ 
tion. The Moreni (Bana) field of Roumania gave la.-ge yields 
of oil with a specific gravity of .800, yielding under distillation 
below 157“ C. 50 per cent, with a density of .735. 

Some crude oils of great purity and high viscosity, which reali.se 
in a crude state from to £\o a ton ($4.20 to $7 per barrel), 
are found in the States of Wyoming, Texas (Jack County), J^enn- 
sylvania (Franklin), and West Virginia (Petrolia), in North 
America, and are employed direct as lubricating oils after 
filtration to remove particles of sand. One such black viscous 
Wyoming oil, of a specific gravity of 0.966, gave the following 
results on di.stillation :— 

19.0 per cent, lubriraling oil, 0.842 to 0.847 specific gravity. 

45-0 „ o » 0-926 to 0.935' 

12.5 „ „ „ 0.957 „ 

14.5 „ ‘■"he. 

9.0 „ loss. 

100.0 
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those less rich in volatile contents. Viewed by transmitted light, 
crude oils show a wide range of colour from amber, yellow, green, 
reddi.sh brown, and through shades of brown to almo.st black, 
and under reflected light most exhibit a greenish colour, some in 
sunlight .appearing a vivid green ; that is to saj', crude petroleum 
is mostly dichroic. Unruffled surfaces of petroleum reflect objects 
in a wonderful manner, and in consequence enormous numbers of 
in.sects and even birds lo.se their life through mistaking surfaces 
of oil for water, after .settling on its surface the viscous material 
preventing the use of their wings. 

curious phenomenon observed in .some liot countries is 
the retention of a shadow 0)i an oil surface after the object 
throwing the shadow is removed. This is attributable to the 
influence of fierce .solar heat on frc.shl)’ extracted oil, a shadow 
cast on the surface protecting that shaded portion of the oil, and 
causing thereby an unequal evaporation, and con.sequently unequal 
coloration of the oil. 

The so-called “ white ’’ oils occasional!)- met with in oil¬ 
fields are usually transparent and amber tinted, and are evidently 
infiltration products of darker varieties which are usually found 
in the neighbourhood. The\’ are rarely found in considerable 
quantities, but the author is inclined to belreve that they are 
very commonly .struck in small quantities during the drilling 
of well.s, although onl)- occasional!)- recognised by the drillers 
on account of their admixture with .slush, and their resemblance 
to the dirty waters raised from the well. 

It has been proved experimentally that dark crude oils 
can not only be deprived of their colour by forced filtration 
through fuller’s earth or clay, but that a certain fractionisation 
can be accomiflished also. There is no doubt that a .similar 
natural process has proceeded in the earth where the white 
oils are found in the clays .separating strata yielding dark oiks. 

Occasional!)- comsideiable qu-antities of the “white” oils have 
been found, but the only district which has regularly yielded 
this type in great quantities is Surakhany, on the outskirts of 
the Roman)' oil-field of Baku, where wells yielding as much as 
48 tons of white oil daily ha''e been struck, but even there the 
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steady distillation ensues without periods of intermission as the 
semperature rises, until towards the end of the operation, when the 
heat is very threat, onl)’ a small proportion of heavy residuum 
remains, which is converted into coke if the temperature is raised 
sufficiently high. By passing the evolved vapours through a 
condenser kept cool by means of a constant circulation of water, 
the various products ma)' be condensed and .separated into a 
mixture of hydrocarbons having boiling points and specific 
gravities between certain limits. Mixtures of h3'drocarbons so 
condensed between fixed limits of densit)’ and flash point are 
given trade names under which the}’ are marketed. 

The isolation and determination of the hydrocarbons com¬ 
posing an oil is a very difficult operation, which is considerably 
complicated by (a) the existence of what are known as isomers, 
i.e., hydrocarbons of identicall}' the same cpiantitative chemical 
composition, but possessing different qualities on account of 
the different relationship of the atoms in the molecule ; (fi) the 
occurrence of a phenomenon termed “ cracking," whereby during 
the process of distillation h}’drocarbons of one composition are 
reduced to lower members of the same .series, or even converted 
into other scries of hydrocarbons. Oils of similar general 
character do not T.ecessaril)’ consist of a mixture of the same 
hydrocarbons ; thus two oils yielding about the same projiortion 
of equally good benzine, lamp oil, and lubricating f)il may be 
composed of a mixture of quite different hydrocarbons belonging 
to totally distinct chemical series. 

The chemistr}’ of petroleum is exceeding!}' intricate, and 
there is no intention of entering into any de.scription in this 
work, but a few details may give a general idea of the main 
characters of petroleum. Members of the parafifin series ol 
hydrocarbons, form one of the chief constituents of 

oil all over the world, although the' higher members which are 
solid at normal temperatures are comparatively rare, but 
methane, CH,, the lowe.st member of the paraffin series, which 
is gaseous, is always present in large quantities dis.solved in 
the oil, and it forms the chief constituent of natural gas. 

Methane is a saturated hydrocarbon containing the maximum 



Constitution of Oils 


281 


percentage of hydrogen (25 per cent.) and .smallest percentage 
of carbon (75 per cent.) by weight possible, and all higher 
members of the same homologous series contain a larger percentage 
of carbon and a lower percentage of hxdrogen. Man}- of the 
finest oils in the world arc composed large!)- of the normal 
paraffins (QIIj,,^^), the higher members of the .series being solid 
and known as paraffin .scale after e.Ktractinn. 

'I'hc Russian oils of liaku appear to be largely built up of 
hydrocarbons known as naphthenes, being isomers of tlie olefine 
series, although there are man)- others, including the 

or benzine series, in the more volatile portion of 
some oils. Ilurst has pointed out that the cause of the 
Russian oils having a lower flasli point for a definite specific 
gravit)' than American oils is on account of the prevalence of 
naphthenes, which have a lower flash ])oint compared with 
their specific gravities than cither paraffins or normal olefine.s. 
So an appro-xiinatc idea of the nature of the liydrocarbnns com¬ 
posing an oil may Ire deduced from the relationship of specific 
gravit)- to distillation temperature an-l fla.sh point. 

Crude oils occasionally )-icld perceptible and sometimes appreci¬ 
able quantitie.s of aromatic hydrocarbons, benzine, C„II.i,_6 scries, 
and their isolation can be effected for the jj^-eparation of nitro- 
benzine, the basis of man)- hig|-i e.xplosives, and aniline, from 
which the aniline d)-es arc prepared. Selected oils from Borneo 
and Roiimania are especial!)- rich in the aromatic liydrocarbons, 
and their commercial extraction has Ijcen entertained from time 
to time. 

Compari.sons of .specific gravity and tlie arbitrar)- designations 
of benzine, illuminating, and lubricating oils over a fixed range 
of temperatures of distillation give but an appro.ximate idea 
of the actiud constitution of the oil, although such divisions 
are useful for rough compaVisons. It is usual, for general con¬ 
venience, to adopt Engler’s mctliod of designating as benzine 
those products which distil up to 150° C. or 302° h., and 
as illuminating oils those distilling beween 150 and 300 C. 
(302"-572'’ F.). Such a rough separation is approximate only, 
but as a rule good lamp oils contain few fractions distilling 
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below 150° C., and few above 300' C., although all depends 
upon the character of the hydrocarbons. Russian kerosene 
contains fractions within close limits of 150° and 270° C, and 
some Roumanian crude oils yield 42 per cent, of good lamp 
oil between 130° and 310° C., with a specific gravity of only 
.808 after refining. 

Table IV. gives the percentage by volume yielded by 
a number of crude oils from different oil-fields between 0°-; 50° C. 
and i50°-300° C., the specific gravity of the distillates being in 
most cases also given. A comparison will show the wide difference 
in volume and density of the distillates from different ods. 

It will be found that the specif- gravities an 1 flash, points 
of distillates from different crude petroleums ithin defined 
limits of temperature vary considerabl)’; indeed, rarely do 
crude oils from two .separated fields yield the same result-s, 
whilst often oils from adjacent wells have a totally different 
set of hydrocarbons. Isolated samples of Roumanian oils have 
yielded 29 per cent, of fractions below 80“ C., whereas the usual 
percentage is 10-12. 

Consistent results in distillations are difficult to attain unless 
every detail is clo.sely reproduced in every sample. The rate of 
applying heat, and the kind and size of ve.s.sel, modify results, and by 
alternately raising the temperature and .allowing it to fall again 
increased volumes between certain limits of temperatures are 
obtained. 

Table V. has been preparea to illu.strate the differences 
in character of the hydrocarbons composing the lighter fractions 
within the same range of temperature of four representative 
Roumanian oils, from which it will be noticed what a wide 

difference there is, not only in the percentage yield of the 

respective fractions, but also in the density of the products. 

The lighter fractions have been seletted, as, owing to the lower 
temperature of distillation and the less gomplex character of the 
distillate.s, less decomposition will have taken place during the 
distillation than with oils of greater density. 

The almost limitless possible number of hydrocarbons with 
their isomers, especially in the higher members of a homologous 



TABLE IV. —Comparison ok Representative Crude Pet.-oleums from 

Different Oii,-Fields. 
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TABLE V. — Properties of Distillates between 

o' C. AND 150' C. OF P'OUR REPRESENTATIVE 
Roumanian Petroleums.' 
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SprOlic 
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0 - :;o 

11.88 

0 640 

4.00 

0.647 

0.77 

0.65 1 

3.60 

0.634 

i^O- Uj 

4.29 

O .606 

0.70 

0.668 

2 40 

2.679 

5-95 

0,658 

60- 70 

7-29 

0.706 

3-74 

0.681 

4.90 

o.f’SO 

3-63 

0.678 

70- So 

4-95 

0.72; 

4.25 

0707 

3 

0 703 

4 62 

0 696 

80- 90 

S.25 

0.737 

4.66 

0 726 

7 9 - 

u 728 

1 1.00 

0 7 11; 

90- 1 00 

J 2 . 2 I 

0-744 

13 . 7 ^) 

0.733 

1 7 K )0 

0.732 

13 20 

0'732 

lOO-I 10 

14.20 

0.753 

24 24 

0 745 

9.25 

oyy) 

I 3-40 

0 745 

110-120 

10 8-.) 

0.758 

15 93 

753 

903 

0.747 

I I. 2 U 

^•753 

1 20-1 30 

858 

0.784 

10.12 

0 /f 0 

17 31 

0 736 

11 75 

0755 

130-140 

8.25 

0.773 

9 -.34 

0773 

U) 3.; 

0 763 

10 50 

0 766 

140-I 50 

8.58 

0.779 

9.32 

0 782 

16.28 

0 ~y!> 

8 86 

0.775 











serie.s, only a comparative!}’ ieu ol which liavc }'ct been isolated, 
pre.sents endless combinations and possibilities. Tlic boiling 
points and densities of the h}'dr()carbons increase with the 
complexity of the molecule, and many of the higher members 
of certain series ha''e a specific gravity approaching unit}’, and 
their true boiling points cannot be experimentally .shown owing 
to decomposition before it is reached. 

Table VI. gives the percentage by weight of the fractions 
in five representative refined ilhinrinating oils, with the specific 
gravities, flash points, and fire points of each fraction, which t.able 
also clearly illustrates the difference in character of the h} dro- 
carbons composing lamp oils of similar general qualities from 
different sources used for the same purpose. 

The paraffins are the most stable hydrocarbons, and to the 
special prevalence of this .series may be attributed the superi¬ 
ority of Pennsylvanian lamp oils over many other varieties. The 
carbon affinities in the paraffin molecule are satisfied to the 
fullest extent with hydrogen, but w’here such is not the case, the 

'Taken from “A Study of Roumanian Petroleum,” by Edeleanau and 
Tanasesco. 



TABLE VI. — Relationship of Fractions between 140' C. and 300’ C.,' in Five 
Repkesenta rn'E Illuminating Oils. 
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Above 30c 

1 . 


From paper read before the Petroleum Congress in Liege, in 1902, b> Dr Dvorkovitz. 
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hydrocarbons are said to be unsaturated, and become more so with 
the complexity of the molecule in each series of hydrocarbons. 
The saturated hydrocarbons can be separated from the unsaturated 
by sulphuric acid, and the less saturated the hydrocarbons the 
more readily are they attacked by sulphuric acid. 

The refining of lamp oils is undertaken to remove the more 
unsaturated hydrocarbons, as they impair the combustion of the 
oil and lead to the emission of disagreeable odours. The saturated 
hydrocarbons are unaffected by sulphuric acid, but some of the 
unsaturated are decompo.sed by sulphuric acid, others unite with 
it to form sulpho-cornpounds. The less complex character and 
more saturated condition of the hydrocarbons in the most volatile 
fractions of most oils accounts for the diminished need for 
refining the lighter distillates of all crude oils. 

Density of Oils .—The specific gravities of petroleum vary 
:onsiderably, even in the same district of an oil-field, but whilst 
:his is sometimes due to local geological conditions, in many cases 
:he variation is due to such causes as the age of the well, presence 
>r absence of water with the oil, extent of exhaustion of the 
strata, etc. There is usualh' a sensible increase in density of 
Detroleum when pumped from the field to the storages, being 
jquivalent in the ca,se of light crude oils in a warm climate to a 
OSS of 5-10 per cent. When stored for long there is a continual 
OSS by evaporation from light oils which increases tiieir density, 
md in warm climates the tanks should therefore be screened from 
he sun. 

The specific gravity of oil in the United States is generally 
neasured in degrees on the Baumc scale, but in most countries 
he density of oils is compared with water as unity. The specific 
[ravity is almost universally taken 011 the field by a hydrometer, 
vhen the density is read off a scale directly, and corrections 
•pplied for temperature, etc., but w'nere extreme accuracy is 
leeded, either a specific gravity bottle, is u.sed, or a set of 
lydrometers each of which indicates a narrow range of densitie.s 
ver a long scale, in which case a pilot hydrometer is included 
D indicate the approximate density, so that the correct instrument 
hall be selected without trial. 
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TABLE VII.— Table of BaumE and Specific 
Gravity Equivalents. 


1 

Specific Gravity. 1 

Viauin^. 1 Spec Hie Gravity. 

Daunt^. 

Specific Gravity. 

10 

I 0000 

37 

0.8395 

64 

0.7443 

11 

0.91)30 

38 

0.8346 

65 

0.7205 

12 

0.9860 

39 

0.8299 

66 

0.7168 

13 

0 9790 

40 

0 8251 

67 

0.7133 

u 

0.9722 

41 

0.S204 

68 

0.7097 

'5 

0.9658 1 

4:2 

08157 

69 

0.7061 


0.9594 

4 1 

0.81 10 

70 

0.7025 

17 

0-9530 

44 

0 8063 

71 

0.6990 

l8 

0.9^66 

45 

0.8017 

72 

0.6956 

"? 

0.9402 

411 

0.7971 

73 

0.6923 

20 

0.9339 

47 

0.7927 

74 

0.6889 

21 

0.9280 

48 

0.7883 

75 

0.6856 

22 

0.9222 

49 

0.7 8 38 

76 

0.6823 

2.1 

0.9163 

50 

0.7794 

77 

0.6789 

24 

0.9105 

5 ' 

0.7752 

78 

0.6756 


0.9047 

54 

07711 

79 

0.6722 

2(> 

0.8989 

53 

0 7670 

80 

0.6689 

27 

o.8 ()3 o 

54 

0 7628 

8[ 

0.6656 

2S 

0.S872 

55 

0.7587 

82 

0.6619 

2<) 

0.8814 

56 

0.7546 

^3 

0.65S3 

30 

08755 

1 57 

07508 

84 

0.6547 

3 * 

0 8702 

i 58 

0.7470 

85 

0.65 1 [ 

32 

0 S65O 

59 

0.7432 

86 

0.6481 


0.8597 

! 60 

07. ',"4 

87 

0.6451 

34 

0 8544 


0.7357 

88 

0.6422 


0 S492 

' 62 

0.73 '9 

89 

0.6392 

3 () 

0.8443 

! ^’3 

0 7281 

90 

0.6363 



and Cubic Feet. 
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Table VII. give.s the Baume and specific gravity equivalents. 

A formula ha.s been publi.slied by the American Bureau of 
Standards for converting Baume into densit)- compared with 
watef, as under - 

"liauiiie--- , -I-JO 

Sj). gr. uf iKiuuI at 6o F. ^ 

■ o tJO 

.Si,', er, al 6o F. , ,, 

I ,;o + deg. Baume 

1 he coefficient of expan.sion of petroleum not only varies 
with rlifferent classes of oil of the same specific gravity, but al.so 
with alterations of temperature, and the ex|)ansion of heavy oils 
is less than that of light oils. Owing to the variation of 
expansion with different oils it is usual to pre|,)are tables to apply 
to special oils with which one is constantl)- engaged, giving the 
amount to be added to or subtracted from the observed s|5ecific 
gravity for each degree fall or rise of temperature below or above 
normal temperature, to reduce the specific gravity to normal tempera¬ 
ture. The coefficient of e.xpansion of crude oils varies between 
extreme limits of about .00085 for light grade crude, and .00065 
per degree C. for heavier crudes (equal to .00047 and .00036 pet- 
degree In), and the.se values, when accuratel)- determined by 
experiment, are added to or - ublracted from the observed 
gravities to reduce to some normal basis for comparison. 
At increased temperatures the rate of expansion increa.ses 
slightly, but it is usually neglected in crude oil estimations. 
.Sir Boverton Redivood gives the billowing corrections that should 
be made for refined products :— 

I’rodiicts lighter than Kerosene - - .00040 to .00048 per 1" F. 

Kerosene - - .00040 j, 

Gas oils - - .00036 „ 

Lubricating oilb ■ .00034 « 

Davis, in his “ Petroleum Tables/’ which are generally used 
by shipowners for calculating cargoes of tank ship.s, gives the 
following corrections :— ' « 

For Ben.!ine..CXX145 per 1' K. 

„ Lamp oils (.795 to .8451 - - .00040 „ 

„ Solar and litjht lubricating oils .00038 „ 

„ Heavy lubricating oils - - .00035 „ 
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Tables IV., V., VI., VIII., IX., give the .specific gravities of a 
number of representative oils from different countries. 

Ultiviale Composition .—The ultimate composition of crude 
petroleum varies very little indeed, the percentage of carbon 
ranging from 84-86, and that of hydrogen from II.5-I4.5' 
Sulphur largely enters into the composition of some oils, and 
there arc often appreciable proportions of oxygen and nitrogen. 
Table VIII. gives a few ultimate analy.ses of (jetroleum collected 
from various sources. 


TARLE VIII.—Ultimate Composition of Representative 
Petroleums. 


Oiisin of Petroleum. 

IC 

& 

Carbon. 

c 

ti 

0 

£ 

Nitrogen. 

Oxygen. 

Sulphur 

Autliority. 

Pfiinsylv.inia - 

o.Soi 

sr. 10 

13.90 



0.06 

ICngler. 

Ohio - 

0.827 

42 

11.59 

O.0G4 



Mahcry and 
Dumi. 

Calilurtiia (heavy) - 

0,984 

s 6.:,7 

f 1.70 

1.25 


0.84 

Malxtry. 

„ (l>Kl>t) - 

0.X40 

86.24 

I ’vQ8 




,, 

Texa.'^ {ileaunnijiti - 

Ruimunia (Uui.li- 

0.912 


12.30 

O.f 

2 

'•75 

C. Richardson. 

leiiari) 

Roninaiua (Cam- 

... 

86.30 

1 3 - 3 -’ 

... 


0.18 

Kdcleanau. 

pirm) - 


35.03 

13.26 



■>'3 

,, 

Canada (iVtiolia) - 



13-37 



0.99 

Maliery. 

I’eru (/oirilos) 

0.81^0 

36 . oS 

I3.U6 

0.071 

0.748 

0.041 


Italy (Parma) 

0.7S6 

S4.D0 

13 40 


1.80 


nevillc. 

Kusaui (llaku) 

0.884 

‘S6.3 

i 3 -^> 


0. 


Pedwuod. 

(jaliLia - 

0.8^2 


12.6 


2. 


,, 

Ruriiui . 

0.S55 

83.8 

12.7 


3-5 



Kast Imlics (Java) - 

0.880; 87.1 

12.0 


0.9 




Calorific Value .—The calorific value of [)etroleum can be 
found by calculation from the ultimate composition, or it can 
be directly determined by combu.stion in a calorimeter. The 
results very closely coincide, and either is always sufficiently 
near for all commercial purposes for which comparisons are 
required. Petroleum cannot be readily burnt in ordinary 
calorimeters owing to the fierceness of the combustion, even 
when •well mixed with absorptive substances to delay the 
action. The Mahler bomb type of calorimeter is the only safe 
and reliable in.strument to use for liquid fuels, and a description 





290 


Oil-Field Development 

of the method of use can be found in chemical works. In Table 
IX. are given the calorific values of a number of selected oils 
representing characteristic types. 

Calorific values may be stated either in calories, which is the 
amount of heat required to raise i kilo of water i° C., or in 
British thermal units, which is the heat required to raise i lb. 
of water i° F. Calorics per kilo can be converted into British 
thermal units per lb. by multiplying the former by r.8. 

TABLE IX.—Calorific Values of Representative 
Petroleums. 


Nature of Petroleum. 

Sperific 

Gravity. 

C.ilurific Value, 
ILT.U.’s per lb. 

West Virginia. 

0.84 J 

18,400 

Louisiana. 

0.939 

19,300 

Californian. 

(?) 

18,742 

„ (Coalinga) .... 

0.932 

19,000 


0.948 

18,675 

Texas (Beaumont) . - - - > 

0.920 

19,060 

Russia (Baku) . 

0.884 

20,Coo 
18,000 

Galicia . 

0.870 

Roumania (Bushtenari) residue 

(?) 

19,600 

„ (Campina) „ 

(?) 

19,900 

Burma . 

0.869 

19.250 

Peruvian (Negritos). 

0,850 

19.44 5 

Italy (Parma) . 

0.786 

18,200 


Flash Point and Fire Test. — As all petroleums evolve 
inflammable gases at certain temperatures, careful investiga¬ 
tions have been undertaken for the purpose of framing 
legislation to protect the public. Petroleum, like water and 
many other liquids, suffers a certain amount of evaporation at 
temperatures far below the boiling points of the hydrocarbons 
composing the product; indeed, high winds will cause con¬ 
siderable evaporation of oil exposed to the atmosphere, and 
some oils can be entirely evaporated at a temperature below 
zero by blowing cold air through -them'. It was formerly 
usual to gradually warm a sample of oil in a small open 
vessel placed in a water bath, until a flash occurred when a 
"lighted taper was held over the vessel. The temperature at 
which the flash took place was called the “ flash point ” of the 
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oil, and by continuing the heat a point was reached when the 
oil took fire, and this was termed the “ fire point.” There 
is a considerable difference between the flash point and fire 
point of oils, amounting often to 25°-30° F. in the case of 
illuminating oil. 

Investigations showed that to obtain consistent results a 
system of testing would have to be standardised, as the 
flash point differed witli the manner in which the test was 
applied. When made in an open vessel a much higher flash 
point was recorded than when tested in a closed vessel, the 
difference reaching usually 25° - 28“ F. Eventually the 
Abel-I’ensky flashing test instrument was introduced and 
accepted as a standard by the Jhitish and some other 
Governments, and tests properly conducted show uniform 
results, as the instrument assures identical conditions in every 
test. Corrections have to be made for variations of atmos¬ 
pheric pressure, the flash point being lower with increased 
altitude or fall of barometer. For each one inch of variation 
in the mercurial column there is reduction or elevation of 
1.6° F. in the fla.shing point Full directions for use are given 
w'itli flash-testing instruments, as well as tables of corrections for 
barometric pressure. • 

The British standard flash point for lamp oil is 73° F. by 
the clo.sed test, equal to about lOo'" F. open test. 

Natural Gas .—Natural gas is extensively employed for 
both heating and illuminating purposes, e.specially in the 
United States, where it is often conveyed hundreds of miles 
in large mains under a high pressure. Natural gas has a 
calorific value far exceeding tliat of coal gas 

The United States Geological Survey gives the analyses and 
particulars of average quality natural gas from different gas-fields, 
shown in Table X., where for the purpose of comparison the 
analyses of artificiak^gases are given also. 

Very complete investigations of West Virginian natural gas 
have been made by Professor Phillips of the Western University 
of Pennsylvania on behalf of the United States Geological 
Survey. 
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TABLE X,— Analyses of Characteristic Natural Gases 
AND Comparison with Manufactured Gases. 


Constituent 

Average, 
Penn¬ 
sylvania 
aiitl West 
Virginia. 

Average, 
Oliiu unci 
Indiana. 

Aver.tge, 

Kansas. 

Average 

of 

Coal Gas. 

Average 

of 

Water Gas. 

Average, 
Producer 
Gas from 
Bituminous 
Coal. 

Marsh gas, CH^ - 
Other hydrocarbons 
Nitrogen 

Carbon dioxide 
Carbon monoxide - 
Hydrogen 

Hydrogen sulphide 
Oxygen - 

80.85 

14.00- 

4.60 

.05 

.40 

.10 

.00 

Trace 

93.60 

•30 

3.60 

.20 

•50 

1.50 

•15 

•15 

93-65 

■25 

4.80 

•30 

I.OO 

.00 

.00 

.00 

40.00 

4.00 

2.05 

•45 

6.0CJ 

46.{X) 

.00 

1.50 

2.00 

.00 

2.00 

4.00 

45-50 

45.00 

.on 

1.50 

2.05 

.04 

56.26 

2.60 

27.00 

12.00 

.00 

.05 

Total 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

Pounds in i,ooo 
cubic feel - 

47 - 5 " 

48.50 

49.00 

33.00 

45.60 

75.00 

Specific gravity, air 
being i 

0.(124 

0.637 

0.645 

0.435 

0.600 

0.985 

li.T.U. per cubic 
foot ' 

i ,'45 

1.095 

1,100 

755 

350 

155 


Table XI. is taken from this Report, and gives the analyse.s 
of nine representative samples of West Virginian natural gas. 

An analysis of Pennsylvanian gas made by C. D. Howard, in 
which the hydrocarbons are distinguished, is given in Table XII. 


TABLE XII.— Analysis of Pennsylvanian Natural 
Gas (Big Injun Sand). 


Carbon dioxide (CO2) - 

Sample 
No. I. 

0.006 

Ammonia (NHj) - 

Sample 
No. 1, 

None. 

Carbon monoxide (Cf),' 

- 0.4 

Carbon bisulphide (CSjJ 

It 

Oxygen( 0 ) - 

0.2 

■Sulphuretted hydrogen (H^S) 


Hydrogen (H) 

- Trace. 

Mo.-sture(grainsin 100 cub. ft.) 

17.72 

Heavy hydrocarbons - 

- 0.4 

Total sulphur (grains in too 


Ethane (CaHc) 

14.60 

cub. ft.) 

0 182 

Methane (CH.) - 

80.94 

Total paraffins 

95-54 

Nitrogen (N) 

3-46 

H.T.U.’s per cub. ft. 

1142.6 


From the great gas-fields of Surakhany, on the outskirts of 
the Romany oil-field of Baku, as much as 16,000,000 cub. f^. 
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of natural gas daily was at one time piped to the oil-fields for use 
as fuel in Lancashire boilers, but since 1909 there has been an 
inclination to disregard the gas, and drill deeper for the rich oil 
sources underlying the area. The composition of the Surakhany 
natural gas approximate.s to that of the American fields. 

Table XIII. gives the analyses of several samples of Russian 
and other natural gases. 

It will be observed that the Russian oil-well gases vary 
considerably in composition, and some contain large proportions 
of carbon dioxide and nitrogen. Wells yielding only nitrogen 
gas have been reported in America. Direct tests, made by 
Thompson and Hunter, of the volumes of gas i.ssuing from bailing 
wells in the Russian oil-fields of Baku and Grosny, showed 
extremes of 20,000 and 130,000 cub. ft. a day, the average 
yield of nineteen wells in Bibi-liibat being 43,200 cub. ft. a 
day. Actual tests of nineteen jmmping and bailing wells in 
the Grosny oil-field showed extreme yields of 10,000 and 
402,000 cub. ft. daily, with an average of 85,000 cub. ft. daily 
per well. 


TABLE XIII.— ANALY.SES OF Russian and Other 
Natural Gases. 


Origin of Gas. 

au 

CO 2 . 

0. 

N. 

Oihe* 
Hyf’ ro- 
carbons. 

Authority. 

Surakhany (Russia) 

93-25 

4-53 

0.36 

0.49 

'-37 

1 llakii Tech- 
\ nical Society 


93-99 

4.00 

0.42 

0.5S 

f.OI 

>j »» 


93 47 

4.09 

0.41 

0.60 

'.43 

>» 51 

Saboontchy (liaku) 

66.90 

28.50 

0.80 

3.20 

0.60 

11 »> 


72.30 

18.40 

1.80 

6.80 

0.70 

1) 


51.90 

37.80 

1.40 

6.50 

2.40 

11 11 

Bibi-Eibat „ 

82.20 

12 80 

0.80 

300 

4.20 

n 11 


58.40 

22.80 

3.80 

14.40 

0.60 

1) 11 


86.53 

9.96 

0.19 

0.72 

28.80 

11 11 


87.80 

8.40 

0.20 

0.70 

2.80 

11 11 


89.00 

9. 80 

O.IO* 

0.30 

0.20 

11 11 

1 Grosny 
\ Laboratory. 

Grosny (Russia) 

56.30 

6.90 


g.6o 

2,5-40 

” 

Taman Peninsula - 

90.00 

2.60 


6/)0 

'0.10 

11 

97-87 

2.11 




Bunsen. 

Italy 

96.50 

3.50 




Schmidt. - 


98.85 

0.74 

... 

0.41 


11 

Canada (Ontario) - 

92.20 

1.40 


5-59 


Shuttleworth. 

1 
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Enormous volumes of natural gas are allowed to escape 
into the atmosphere, and be permanently lost in the search 
for and development of oil-fields ; nor can any reasonable project 
be devised for diminishing this loss to any considerable extent. 
The demand for light spirits has led to the installation of 
compressors for the liquefaction of constituents that can be kept 
liquid at moderate pressures, but they usuall)’ constitute a small 
percentage of the total, the bulk of the condensate being of 
the “ wild ” variety, and evaporating spontaneously on reduction 
of pressure. Methane, the chief con.stituent of natural gas, is 
uncondensablc at all practicable temperatures and pressures, but 
ethane (QMe), propane (CjHj), butane (C4II111). pentane (CsHu), 
and hexane (CgHj,) can be liquefied at workable pres.sures and 
transported in steel cylinders. By intimately mixing these 
products with light refinery distillates, certain amounts are absorbed 
and retained, and under suitable circumstances their c.xtraction 
and admixture can be made remunerative. 

The lower the gas pressu’t in wells the higher the proportion 
of liquefiable gas, and when a vacuum of 12-14 P^r square 
inch is maintained in wells, a liquid product is often obtained 
without the aid of compres.sors or condensers.' In some oil-fields 
reduction of temperature on expansion of natural gas (from wells) 
in distributing mains will cause the condensation of light 
constituents. 

Uses of Petroleum Products.— Some heavy crude petroleums 
containing a paucity of the more valuable products, and having a 
high flash point, are used direct as liquid fuel, and command a 
ready sale at a price 50 per cent, above that of good quality coal 
in any market in which they may be introduced. Texas and 
California furnish an abundance of such oils, and Russian oils 
yield a large percentage of fuel oils after extraction of .some 30 
per cent, of light or internaediatc fraction.s. As fuel for boilers, 
however, oil can command but a low price, except in a few 
isolated cases where solid fuel is expensive ; and operators in oil 

‘ “'Liquefied Products from Natural Gas,” by Irving C. Allen and G.’A. 
Burrell. Technical Paper No. 10, Dept. Interior, Bureau of Mines,' 
Washington, U.S.A. 
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fields of medium productive capacity cannot remuneratively pro¬ 
duce oil at such prices. It is usual to extract the lighter and 
more valuable portions of the crude for the production of petroleum 
spirit, illuminating oils, lubricants, and also paraffin wax when 
this latter is present. Tile combu.stion of liquid fuel is explained 
in Chapter XI., and the distillation and refining of petroleum 
is briefly described on pp. 299-306. 

From some light crude petroleums, often with a flash point 
below 32° F. (o" C.), exceedingly light distillates can be 
obtained, which spontaneously evaporate when exposed to the 
atmosphere. Some such distillates have a s|iccific gravity of 
only .590-.620, and arc used as aiuesthetics, solvents, cleaning 
solutions, and are employed in .some types of carburetted air 
plants. The heavier spirits, of a specific gravity of .680-.7 50, 
are now extensively employed for internal comhu.stion engines 
on automobiles, air craft, and motor boats, and in the highest grades 
fully 90 per cent, of the spirit has a boiling point below 100° 
C. The East Indian (Shell) spirit of .740 specific gravity 
has as low a boiling point as the American spirit of .700 
specific gravity, demonstrating the wide difference in certain 
physical characters between two oils suitable for the same 
purpose. 

The chief aim of oil refiners is generally benzine and illumi¬ 
nating oil, the latter having a specific gravity o<' .800-.820, 
boiling points between 150° and 300' C., and flash points of 
70°-i50° F. The distillates that can be included under lamp oils 
constitute from 50-70 per cent, of certain crude oils, whilst 
in some grades of petroleum not more than i5-,50 per cent, of 
medium quality illuminant can be obtained. Purified oils of 
the character described will generally burn with complete com¬ 
bustion in a lamp by capillary action up a wick, provided ample 
air is suitably admitted for combu.stion, but modern ingenuity 
has devi.sed means of vaporising not only lighter oils but ordinary 
larrip oils, and burning the ga.seous products bcineath incandescent 
mantles. By this .system a greatly increased luminosity i.s 
-obtained with a reduced expenditure of oil. 

The .680 spirit can be u.sed in the “ Petrolite” lamp, which 
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consists of a porous block which absorbs the spirit and through 
which air is drawn, and thereby carburetted, by the natural 
heat of the flame. The carburetted air burns beneath an 
incandescent mantle, and the absolute safety of the lamp is 
assured by the ab.sencc of any loose liquid and the e.xtinction 
of the flame at the instant the lamp is placed out of the vertical. 
The latest incande.scent oil lamp is of the inverted type, and 
it is claimed that a unit of light can be obtained at a lower 
cost than by any other illuminant. With oil at sixpence a 
gallon, 1,000 candle jjower is estimated to cost three-eighths 
of a penny per hour. 

Important use has been ma<le during the last few years 
of carburetted air machines which automatical!)' produce from 
benzine a combustible mixture of air and gas which can be 
led along pipes and burnt beneath incandescent mantles. The 
air only contains about i .6 per cent, of hydrocarbon vapour, 
and will not burn unless broken up by passage through a 
special burner. The plant is worked by a small hot-air engine, 
and is automatically controlled to suppl)' only the demand 
created. It is claimed that l,ooo candle power can be generated 
at a cost of Jd. per hour. Improvements [lermit heavier products 
to be utilised for carburetting, but the real difficulty is to 
avoid the recondensation of the hydrocarbons. 

Kero.sene is largely used for heating stoves and cooking 
ranges, besides illuminating purposes, and in certain types of 
oil engines its u.se is general. 

An intermediate distillate between illuminating and lubricating 
oils, known as solar oil, is large!)' sold for enriching gas made 
from low grade coal, and is especially used as the carburetting 
agent for the production of carburetted water gas in gas works. 
W'ater gas is produced by. the passage of steam over incandescent 
coke, and it is carburetted tt) give it the necessary illuminating 
power, by mixture ^with _ the gas oils in hot chambers, when 
complete gasificatioif is ensured. The solar oil here referred to 
is too .viscous to properly feed the wick of a lamp, hence it 
produces a bad flame, and the wick gets clogged and charred, and 
it is not viscous enough for ordinary lubricating purposes. 
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Numerous varieties of lubricating oils, as well as vaseline 
paraffin wax, and other materials, are prepared from selected 
distillates of particular oils which lend themselves to special 
treatments. The vaseline is used in pharmacy, and th« 
paraffin wax, after purification with charcoal and separatior 
into qualities according to melting point, is largely used in the 
manufacture of candles, insulating materials, chewing gum, and 
waterproofing, etc. 

Almost daily extended and often remarkable uses for 
petroleum products are found. The liberal use of oil on 
rough seas will often save a distressed ship from destruction 
by preventing the waves from breaking over the vessel; and 
the judicious application of certain oil products has been 
proved to very materially extend the life of macadami.sed 
roads, besides acting as an effective dust preventer. In 
tropical countries increasing u.se of petroleum is made to 
diminish the breeding of mosquitoes in swampy lands, a film 
of oil on the surface of water preventing the larvae from 
breathing, by choking up their air passages. 

Petroleum is used in the preparation of insecticides by 
emulsions with other chemicals. An important employment 
for certain residual products is the manufacture of waterprool 
compositions for treating felt, paper, or other substances which 
are sold as bitumen sheeting, etc. The dielectric properties oi 
certain asphalts are applied in insulation materials, and the solvent 
properties of certain qualities of prepared distillates has led to 
their use as turpentine substitutes. 

An important demand has arisen for pharmaceutical oils for 
internal consumption. They are colourless, tasteless, and 
odourless oils prepared from selected distillates of oil.s devoid 
of paraffin and sulphur, which are carefully distilled, refined, 
\ and decolorised by treatment with nitronaphthalene. These 
q\palities of oil are also largely used as substitutes for 
sal^ oils. • 

One of the most remarkable and successful uses to which oil 
has recently been applied is the concentration of mineral ores, 
by which means the mineral contents of low grade ores Can 
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be extracted from the gangue. The Elmore ore concentration 
process depends upon the mixture of well-crushed ore with 
an emulsion of oil and water by agitation in a vessel under 
a partial vacuum, when the well-known affinity of oil for 
metals leads to the particles of mineral matter becoming 
clothed with a film of oil, and rising to the surface of the 
liquid with the oil, whilst the unmineralised portion or gangue 
is precipitated. 

Distillation of Petroleum. —The distillation and refining 
of petroleum can only be undertaken on a commercial scale 
after consultation with qualified chemical specialists, and the 
execution of many preliminary distillations of characteristic 
samples of the product to be treated. Only a brief outline 
of the usual methods adopted will be given, and readers 
needing information are referred to chemical works dealing 
with the subject, of which, however, there are very few. The 
engineering aspect has never yet been attempted. 

Some high grade crude oils are simply exposed to heat 
from a steam coil, and “ reduced ” in open pans until the 
desired visco.sity and freedom from moisture is reached to 
fulfil the duties for which the particular oil is being made, 
whilst a few natural oils arc used direct in their crude state 
for lubricating purposes, after filtration to remove siliceous 
particles. Where crude petroleum is not employed direct 
for fuel or other purposes, it is subjected to a process of 
•distillation whereby the various components of the oil are 
first expelled and then condensed, the condensates being grouped 
within certain ranges of density and flash point. The crude 
oil, sometimes previously warmed by wa.ste heat, is introduced 
into steel cylindrical stills of varying design, heated by 
flues, and the expelled vapours are conducted from a dome 
above the still along pipe? into a condenser. At first only 
light distillates pass over, but as the temperature of the still 
rises, denser distillates are expelled and are condensed. In 
the tail^ house leading from the condenser the condensed fluid 
discharges into a pipe from which there are a number of outlets, 
each controlled by a cock, and each leading to a separate storage 
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tank, so that an attendant stationed there is able to deflect the 
products to the requisite stock tanks as the distillation proceeds, 
and the density of the oil varies. 

The above description sounds very simple, but there are 
many details which require consideration, and which may lead 
to considerable necessary modifications in the normal plant. 
Some oils foam badly, especially if contaminated with water, 
and unless special precautions are taken, much crude oil is 
carried over from the stills with the distillates. When the 
temperature of the still is over 300° C., and only the 

dense constituents of the crude remain, considerable decom¬ 
position of the oil will take place unless distillation is 
assisted with the aid of steam. Steam is now almo.st 

universally employed, and it is found that besides reduc¬ 
ing the temperature of distillation and keeping the vi.scous 
fluid in a state of motion, it assists the removal of the- 
heavy distillates, and carries them away from the still with 
less cracking. D. R. Stewart' thus ably dc.scribes the 
use of steam in distilling; “ Water converted into steam 

expands seventeen hundred time.s. Our oil expands only 

one to two hundred times, and when distilled without steam, 
a great deal of oil lias to be evaporated before the vapours 
mount to the c.xit pipe. Tlieir specific heat and heat of 
vaporisation are not great, and they readil)' condense on 
the top of the .still and fall back, and are redistilled with 

some decomposition.” Steam is admitted by a perforated pipe 
which extends the full length of the still base, and when the 
temperature of distillation is high, as in the production of 
lubricating oils, it is superheated to a temperature in excess of 
that of the oil before admi.ssion. 

If products heavier than .solar oils are to be distilled, it is 
unusual to carry out a complete distillation down to the 

lubricating oils in the same still, owing to the high temperature 
needed, but the residuum of the illuminating 'oil stills is transferred 
to others of special design for the extraction of the lul^ricating 
oils, when, in addition to .steam, a partial vacuum is also main- 
‘“The Oil Shales of the Lothians.” 
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tained in the stills to diminish the temperature of distillation, and 
avoid decomposition and burning. 

The proces.s of “ cracking ” i.s also made much use of in 
modern refineries, whereby a larger pro[jortion of lighter products 
is obtained than would otherwise be the case. Cracking is 
brought about by raising the temperature of the oil in the still 
above the normal height for the distillate being collected, and 
leaving the upper exterior surface of the still exposed to the 
atmosphere, so that part of the products of di.stillation are thereby 
condensed and caused to fall back into the hot fluid. The result 
of '^he action is the reduction of hydrocarbons into products of 
lighter density and lower boiling point, accompanied, however, 
by the formation of a certain amount of permanent gas. The 
exact action of “cracking” .seems little understood, and certainly 
“ cracked ” oils arc inferior to uncracked, and they require more 
refining. 

Increasing demand for petroleum spirits for use in internal 
combustion engines has acted as an incentive to inventors of 
cracking proces.ses, especially as the price of suitable products has 
risen to a very high figure. Cracking processes mainly rely 
upon di.stillation under pre.ssure or pa.ssagc of vapours over hot 
surfaces in the presence of a catalyser, whereby heavy hydro¬ 
carbons are broken up into those of less complexity of the cyclic 
order. Solar oils and kerosene may be mainly converted into 
products with a boiling point suitable for internal combustion 
engines, but they need refining to remove objectionable odour and 
discoloration, and are often mixed with a proportion of light 
direct-distilled spirit to ensure quick ignition. 

Distillation on a continuous principle has long been conducted 
in Russia, and since 1900 the process has been widely extended to 
other countries with highly beneficial results. For continuous dis¬ 
tillation the stills are placecT in batteries, each .still being mounted 
slightly lower than ^he preceding one, so that oil admitted to the 
upper can flow by gravitation through the whole series, the rate of 
flow being regulated by cocks between each still. This pretty 
process is thus well described in the “ Encyclopredia Britannica”: 
“ In the continuous process of distillation, instead of a single 
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still with a progressive temperature, there is a series of retorts 
heated to successively higher temperatures which are carefully 
maintained, and the crude oil is caused to flow slowly and 
continuously through the whole series, being thus subjected to a 
steadily increasing heat, whilst the contents of each still remain 
practically constant. In this manner each still yields continuously 
a product of given volatility, corresponding to the temperature at 
which it is maintained, and from the series of stills a range of 
products is continuously obtained, corresponding to that yielded 
by the intermittent sy.stem within the same limits of temperature.” 

Modern stills are usually of the internal corrugated flue type, 
first introduced with great success in Austrian refineries. 
Considering the fuel economy resulting from this design, it is 
remarkable with what hesitation they are being adopted outside 
the Continent of Europe. Quite recently an apparatus known as 
a petroleum circulator has been invented for creating a rapid" 
circulation in stills, and it is anticipated that considerable .saving 
in fuel and a greatly increased still capacity will result from 
its employment. 

Fig. 44 illustrates the lay-out of a modern petroleum distilling 
plant in which are incorporated two features of special interest, 
aamely, dephlegmjtors on the earl)’ stills, and a system of pre- 
leating the crude by utilisation of a portion of the contained 
leat of both residuum and distillates. 

Dephleginators consist of vessels placed above the stills 
through which the vapours pa.ss on their way to the condensers. 
The vertical vessels contain a series of baffles which check the flow 
of fluids, and condense heavier particles mechanically carried from 
the stills, whilst the ascending vapours re-evaporate any light 
condensates. A very perfect .separation of products is thus 
obtained, greatly simplifying all subsequent refining, processes. 
The rate of distillation affects in a striking way the percentage 
and quality of distillates obtainable from any, particular crude oil. 

Lubricating oils and solid paraffins are usually extracted from 
the residuum of primary distillation from which benzines and lamp 
oils have been withdrawn. Solid paraffins are often carried over 
with illuminating oil distillates, and some of the lower quality 
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Burma lamp oils prepared for the Indian market are usually solid at 
6o' F. They, the paraffins, however, concentrate mainly in the 
residuum from a certain point ascertained experimentally, and from 
thence onwards it is usual to distil under reduced pressure, and in 
the presence of superheated steam to minimise decomposition. 
Residues containing paraffin wax are naturally valueless for 
lubricants, and from such oils it is only certain paraffin-freed oils 
that can be converted into lubricants. When solid paraffins are 
absent, the residues yield under careful distillation, in partial 
vacuum, viscous products that, after refining, possess varying 
lubricating properties. This process was formerly conducted in 
circular cast-iron pot stills, but in modern refineries cylindrical 
stills on the continuous principle are being adopted. 

Refining. —Most petroleum distillates require some process 
of purification before they can be placed on the market for 
domestic or commercial purposes. Illuminating oils, in particular, 
when unrefined, yield a smoky flame, and contained resinous 
matter clogs the wicks of lamps and hinders combustion. Small 
quantities of sulphur compounds also frequently exist that 
produce objectionable odours when the oil is burnt. The 
smoky flame is usually attributable to the presence of higher 
homologues of the unsaturated hydrocarbons, often mechanically 
carried over during the process of di.stillation, and frequently 
removed or much reduced in quantity by a second distillation. 

Refining is almost universally accomplished with the aid 
of sulphuric acid, followed by a treatment with caustic soda. 
The action of sulphuric acid is not entirely understood, but 
the unsaturated and undesirable hydrocarbons are attacked by the 
acid, with the formation of a tar which is precipitated together 
with unaffected acid and can be drawn off as “ sludge.” Agitation 
with soda after a preliminary washing with water produces a 
certain amount of purificatio'fi, but its main purpose is to neutralise 
acidity and remove acid products. Other oxidising agents, like 
permanganate of pbtash and ozone, cause some reaction, but 
sulphuric acid has rarely been improved upon in practice. 

The distillates are agitated in cylindrical iron vessels with 
compressed air, or with mechanically-worked paddles, the latter, 



304 


Oil-Field Development 

especially in the more improved types that ensure intimate ad¬ 
mixture, becoming increasingly popular on account of the 
deteriorating effect of moist air on the acid. Formerly lead- 
lined vessels were common, but if pure acid and no moist air is 
used steel agitators do not suffer excessive corrosion, and last 
a long time. During treatment the oil decreases in density in 
con.sequence of abstraction of dense hydrocarbons, but, in warm 
climates especially, the agitation itself cau.ses evolution and loss 
of volatile products, and so counteracts the reverse effect of the 
acid treatment. The effect of refining on the fla.sh point of a 
distillate is variable, some distillates, u.sually the lighter, having 
it raised, others lowered by the operation. 

Carefully conducted slow distillation of some oils will yield 
products that can be u.sed direct without refining, but even 
benzines are usually given a light treatment with acid and soda, 
and are re-distilled with steam. Some crude oils yield products 
that are only marketable when re-distilled after a preliminary 
refining, and occasionally satisfactory re.sults can be achieved by 
a primary treatment of the crude with sulphuric acid and soda 
before any distillation. 

It is estimated that only about 3 per cent, of the sulph.uric 
acid added to the distillate is actually used, and that the remaining 

t 

97 per cent, is necessary to .secure contact of all the distillates 
with acid during agitation. Some 5-10 per cent, of heavy 
hydrocarbons arc usually abstracted from the distillates by the 
acid, and these can be recovered by settlement, washing, and 
treatment with waste alkali, and can then be used as fuel. In 
shale oil works wa.ste sulphuric acid is used for treating ammonia 
water for the production of sulphate of ammonia. 

Baku refineries in South Russia use 0.75 per cent, of HjSO^ 
and 0.25 per cent, of NaHO for refining their kerosene under 
the worst winter conditions : I’emisylvanian refineries use 4- 
10 lbs. of H.JSO4 and i lb of Na 110 per barrel of illuminating 
oil: and in Roumania an average of about of5 and o.io per cent, 
of HjSOj and NaHO respectively is u.sed. 

One recent process of refining calls for especial reference, 
namely, the Edeleanau, in which liquid sulphur dioxide (SO^) is 
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the purifying agent. Early mechanical difificultie.s that obstructed 
its practical employment have been overcome, and it is believed 
that an immense future lies before this clever invention. 

Liquefied SO., is added to the distillate in a closed ve.ssel with 
a glass side, where the operation can be ob.ser\’ed. A dark cloud 
of hydrocarbons immediately forms, and at once settles with 
the SO.^ to the bottom, frtim whence it is allowed to discharge 
into a vessel, the purified di.stillate passing unto another ve.ssel. 
The temperature, often as low as — i o C., and pressure at 
which the operation is conducted, depend on the character of 
the I il, naphthenes being dis.solved at a much higher temperature 
than aromatic hydrocarbons. Linder atmospheric pressure or 
a slight reduction of pressure and increa.se of temperature, the 
SO.j is evolved, abstracted by a compre,s.sor, and recompressc^ 
into liquid for reuse. One precaution is cs.scntial to success, 
the distillates must be entirely freed from water, otherwi.se 
sulphuric acid is formed with disastrous con.scquences to the plant, 
therefore they are first passed through calcium chloride filters 
to remove the last traces of water. 

Sulphur dioxide owes its efficacy largely to its violcjit attack- 
on the heavier cyclic unsaturated and especially aromatic 
^rirpearbons, which are often the cause of the poor burning 
properties of lamp oils, but it also removes or reduces the quantity 
of sulphur compounds in a surprising way, producing good 
illuminants from oils that are usually in little request. The 
aromatic hydrocarbons abstracted arc valuable for the production 
of turpentine substitutes, etc. 

Some crude oiks, like those of Ohio, Lima, Indiana, Texas, 
Mexico, Canada, Persia, Egypt, contain such persistent and 
obnoxious .sulphur compounds that it is necessary to treat 
distillates prepared for domestic purposes with copper oxide or 
litharge (PbO) to .secure their removal. These chemicals are 
recoverable for reuse by burning off the sulphur that has 
combined to form CuS or PbS. 

Minq-al earths have been used to some extent for refining 
oils. Distillates are agitated with fuller's earth or with bauxite, 
to the particles of which some of the heavier and discoloured 
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hydrocarbons adhere, and are precipitated or filtered out. The.se 
mineral cailhs arc recovered and revivified for repeated use by 
heating to a high teni|)eraturc, and pulverising 

Paraffin wa.x is extracted from the distillates in which it 
exists by a reduction of temperature and forcing through a filter 
pres.s. The crude scale i.s scraped from the canvas filters of the 
press, subjected to high hydraulic pressure in canvas bags to 
remove as much oil as possible, ami then undergoes a process of 
.sweating and washing with acid and soda and treatment with 
charc(ral. Tiie so-called blue oil obtained from the filter presses 
at low tem|)erature is valuable for the manufacture of low-.sstting 
lubricants. 

Sweating is usually condueted in oircn jcn.s, where the 
melted wax is run over a layer of water. On removing the 
water, the solidified eakes rest u|)on a gauze frame, so that w'hen 
the chamber in which they arc |)laced is heated by steam the 
contained oil and low melting point wax sweats out, leaving only 
that portion with a melting point higher than that i)f the chamber. 
By repeating the operation and treating the .scale with sulphuric 
acid and soda any degree of refinement or melting point can be 
obtained within the limits of the oil contents. Paraffin scale is 
often whitened by agitation in ;■ melted state with pru.ssiate 
charcoal. 

The old process desscribed above is now' being replaced by 
the vertical type of sweating stove in which the crude .scale is 
deposited in the annular space between vertical cylinders lined 
on both oppo.scd surfaces with gauze, through which the oil 
and low melting point fractions issue as the temperature of the 
chamber is regulated. Temperatures are adju.sted with great 
nicety by steam valves and a fan, enabling the wax to be 
fractionated, cooled, and heated in the briefest period of time. 
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SYSTEMS OF DRILLING OR BORING 
FOR PETROLEUM. 

Drillin'; or Honnj; for Petroleum and Naliir.il (la^ -Seiertif)nof Drilling.! I’iant 
—Borin.L; Rei ords Cable Drilling • Wire Cable Drilling;--Circulating 
Cable Sy.stem -Rope Sockets—'Pool Joints and Tightening Apparatus— 
Percussion Bits -Kccentric Bits—Under reamers - Handling and Dre.ssing 
Bits-'Appliances for Removing Debris—Canadian System of Drilling - 
Russian Freefall System—Rotary Flush Drills—Fauck Rapid” System— 
Fishing Operations and Appliances—Portable Drills—Cost of Drilling- 
Suppression of Wild Oil and Cas Sources—Shooting or Torpedoing 
Wells—Contract DiillingL 

Drilling or Boring for Petroleum and Natural Gas. —The 

selection of a site for trial drillin'; in a new tcrritor_\’ is decided 
by circumstances discus.sed on p. 219, and in Chapter ill. is given 
a description of representative examples of the strata that may 
be encejuntered. 

Unproductive warns of porous strata are interspersed amidst 
petroleum-yielding beds in an oil .series, and in some cases 
considerable discretion is needed to decide when an oil-bearing 
stratum has been penetrated. This difficulty is particularly 
pronounced when water infiltrates into the well and obstructs 
the entry of any petroleum which might otherwise exude into the 
well, and also obscures the identity of the sand by washing away 
the contained oil. 

Naturally, a definite test can always be made by giving 
the well a trial hailing with the bailer if there are misgivings 
concerning the worth of Ihc indicalions, but this course is always 
delayed as long as possible in most formations, as the strata 
become disturbed by the removal of the liquid, and the walls 
of the well may collkpse (“ cave ”) and uncompact beds be set 
in motion by withdrawal of sand. The less material removed 
from the well during drilling, and the less the strata are disturbed 
by bailing, the further will each column of casing be carried, 
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and incautious attention to such details may lead to the enforced 
reduction in size of casing until the limit of practicable diminution 
is reached long before the required depth is attained. 

Usually an escape of gas and a steady accumulation of oil 
in the well will indicate the proximity of an oil source, but 
drilling should only be suspended for a trial bailing or pumping 
after continuing some distance into an oil-bearing bed. A 
yellow emulsion is often the first indication of oil in a well 
with a high water level, the colour deepening, and being gradually 
followed by a separation of oil and its accumulation on the surface 
of the liquid. In several cases the author has personally given 
instructions for a trial bailing to be made when there was only 
water in the well and no indication of petroleum, being guided 
solely by the character of the sands raised and the knowledge 
that an oil-bearing horizon had been reached. In one such 
example, where water only was bailed for a week' before being 
overcome, as much as 150 tons (1,125 barrels) of oil daily were 
obtained, and in another instance where water vihich filled the 
well was subsequently excluded by a cementation, a production 
of 500 tons (3,850 barrels) daily was obtained for a while, and in 
two years the well yielded 140,000 tons (1,050,000 barrels.) 
of oil, although no indications of petroleum had been observed 
during drilling. 

The rate of drilling varies greatly. In oil-fields where the 
.strata do not “ cave ” and the wells are of small diameters, 
the average rate of drilling ma}' reach 50-150 ft. daily with 
a cable rig, but where the strata are much disturbed or steeply 
inclined, and “ caving ” is constant, the rate often may not 
exceed 6-10 ft. daily. No definite relationship between speed 
and diameter can be predicted, nor do depth and speed bear 
any definite ratio to one another, but within the limits of an 
oil-field ratios can be established by plotting results. 

Where the strata arc compact and several oil sources of 
limited capacity have been passed, it is d common practice to 
insert the last column of casing with perforations at the depths 
where the oil shows occurred, the outer larger casings used for 
temporarily excluding the oil being then removed to permit these 
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sources to supplement the main supply, if not required for the exclu¬ 
sion of water. Indications of petroleum during drilling are often 
described as “ oil shows" and productive beds as “pay streaks." 

Onl)’ rarel)' is a class of strata encountered that defeats the 
persistence and ingenuity of the engineer. In the absence of 
supplementary plant, operations ma)' be temporarily or indefiniteh' 
suspended, or the cost of suitable materials may not be justified b}- 
events, but unqualified defeat is rare. One of the most rebellious 
substances to come uyjon in drilling is asphalt of a certain 
consistency that oozes from fissured cla3’s, and creates a stick)' 
mass through which any object can only with the greatest 
difficulty be moved. R)* attaching itself to the drill stem and 
tools, their motion is arrested and their recovery is seriously 
jeopardised : only constant, patiently administei'ed pulls for long 
periods will effeet their abstraction. Similarly the same .sub.stance, 
or something closel)' allied to it, will run into a well and form a 
base upon which the drill rebounds as from a rubber di.se. Hours 
of .steady pounding ma}’ fail to destroy the cohesion of such a 
sub.stance which declines to mix with foreign matter. 

Persistent drilling for days may destroy or dispel a small 
mass of such substances, but if they continue to ooze into the 
well it is only possible to continue drilling b}' excluding the 
.source with casing slowly pressed past the trouble.somc zone. 
Admixture with benzine or other solvents after extraction of water 
might aid progress under some circum.stance.s. 

Cla}’s of a certain consistency and plasticity resist the formation 
of a puddle or mud, but instead tend to squeeze up around the 
bit, forming a solid mass in the less confined space around the 
stem. Such result makes it necessary to drill upwards with 
the jars to .secure the relea.se of the bit. This quality of the 
strata can be neutrali.sed b}' the occasional insertion of sand 
whilst drilling is cautiously prosecuted. Drilling in certain sands 
can likewise be aided b}' the addition of clay, the latter apparently 
hindering the rapid ^settlement of agitated sands such as is 
especiall}’, noticeable in highl}' saline waters. 

Attention has recently been drawn b}' Dr W. Petrascheck' to 
‘ “Aids to Deep Boring in Clay.” 
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the causes and means of reducing caving and swelling that are 
very prevalent in bore holes. 

When, as frequently happens in a deep earth-boring, a clay 
or marl deposit i.s met with, difficulties of a more or less .serious 
nature may delay the progress of the work. 'J'he clay swells 
and fills the boring, jamming the bit or the rods, or, in the 
case of marl, the sides of the hole crumble and fall in, with 
similar results. This tendency to swell or crumble is greatly 
increased when water is pre.sent. A lump of dry clay or marl 
when placed in water usually loses its form. But water i.s 
commonly used in boring to clear the hole. This water, 
con.sequently, may be the cause of much trouble in boring 
through a soft argillaceous bed. All clays contain a colloidal 
substance to which they owe their plasticity, and it is to the 
solvent action of the water on this colloid that the disintegration 
of the ma.ss i.s due. It has been found that an aqueous .solution 
of certain .salts, such as chloride of magnesium, chloride of calcium, 
chloride of sodium, sulphate of .sodium or magnesium, etc., has 
a coagulating effect on the colloidal substance in the clay, so 
that disintegration does not follow immersion in the.se solution.s. 
Therefoie a concentrated solution of one of these substances, 
all of which arevery cheap, may be used as tiie clearing water 
in the bore hole. Recent e.xperience show.s that when such 
a solution is used, a clay or marl betl may be bored through 
without hindrance fr<jm swelling or crumbling, and without the 
subsequent nece.ssity to line with iron pipe that portion of the 
bore hole, for in dry ground the sides remain sufficiently stable. 
Milk of lime, or any alkaline .solution, dissolves the colloid and 
disintegrates the clay more rapidly than pure water. These 
substances, therefore, are unsuitable for the purpose in question. 

When drilling through rock .salt and beds impregnated with 
salt, as the Saliferous Miocenes of Roumania, saturated .solutions 
of salt are an undoubted benefit in, preventing dis.solution of 
and extraction of salt from .sedimentary bei^is. 

Although loose flowing sands no longer dismay the .operator, 
•there are certain .severely fractured, uncon.solidated clay shales 
that disintegrate and cave immediately they are disturbed, and. 
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yield a heaving mass that not even mud pressure will restrain. 
One especially difficult case that came under the author's notice 
was complicated by the presence of films of oil and small pockets 
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of gas in tlie innumerable slip planes of a steeply inclined, thick 
deposit of clay-.sh6|jes. The insertion of casing at frequent 
intervals affords sonie measure of relief under such circumstances, 
but its manipulation is difficult, and the removal of hundreds of 
tons of disintegrated strata leaves the columns ^vithout adequate 
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support, and consequently very susceptible to fracture through 
lateral movements. 

Each case mii.st be considered individually, and the merits 
and objections of various systems must be discussed. Usually 
dry drilling though slow will give the best results in such loo.se 
strata, a rotar}' being brought to a standstill after perforating 
several hundred feet in a few hours. 

Oil-well drilling is almo.st universall}- performed without 
interruption, day and night, in two working shifts or “tours” of 
twelve hours each. The .selected time is usually midda)' to mid¬ 
night, thus giving to each attendant some part of the da)’. This 
practice has been forced upon operators by the dangers and delays 
arising from intermittent work, hours having often 11 be spent in 
recovering the position of the previous da)-, after settlement of 
.sediment, and perhaps seizure of casing. 

Selection of Drilling Plants. —Drilling machinery is selected , 
to suit the strata it is designed to attack, and mav be I’oughly 
classified as under: 


Hard strata 


Heavy percussjoii. 

Core drills (diamond or chilleil shot crowns). 


■Soft cavin); clays and ( Rotary, hydraulic drills, 
loose s.".nd - - - 1 l^crcussion drills with circula'injj attachment. 

Mixed strata ■ - Coinbin.'itk n dr ills. 

\ 

Tire dr’illitrg .systems in use mav be classified as urrder:— 


[ Pole tool system • 
Percussion drills - • 

I Cable systems - 


Hydraulic percussion 


/ Canadian ash pole system. 
] Calrcian rron rod system. 

I Frcefall system. 

I Manilla cable. 

1 Steel wire cable, 

( Pauck “ rapid” system. 

1 Circulating cable system. 


.Attrition (hydraulic) 
systems 


Core drill and those j 
with circular cutters - I 


Disintegrating drills - 


Diamond drills. 

Chilled shot drills. 

Tooth cutter drills. 

.■\11 rotary drills with flat, 
fhisel, cone, or disc bits. 


Fig. 44.\ illustrate.s, for comparison, threejstrings of percussion 
drilling tools described .subsequently in more detail. ' 

. The choice of a drilling system for prospecting in a new 
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district depends not only on the litholog;ical character of the strata, 
but upon the physical conditions that prevail. Prevalence or 
■scarcit)’ of water, facilities of transport, character of available fuel, 
all bearing on the problem of power, are reflected in the rig. The 
non-exi.stence of a suitable reversing clutch practically precludes 
the use of a combination of internal combustion engine and .s)'stems 
calling for reverse movements. Scarcit)- of water re.stricts the 
use of hydraulic processes, and absence of good water is a 
hindrance to the employment of steam without subsidiar)- con¬ 
densing appliances or purif)'ing processes, 

A prevalence of hard, compact rocks can be negotiated 
successfull)' with a cable rig, but strata containing frequent 
recurrences of hard bands between non-caving .softer strata can 
better be attacked by a Canadian rig, which permits the attach¬ 
ment and positive application of under-reamers that enlarge the 
hole to allow the descent of casing without frequent reduction 
of diameter. Although the speed of pole tools does not reach 
that of other systems in eas) ground, they afford a means of 
penetrating almost all kinds of strat.i, and allow a wider range 
and combination of instruments and movements than any other 
.s)'.stem, whilst not precluding the use of a c.able at will. 

Soft, caving Tertiary .strata and thick deposits of loose flowing 
.sands can best be overcome b)- the modern hydraulic proces.ses in 
which mud mixtures are emplo\'ed. Their u.sc was, till recentl)’, 
restricted, through the absence of tools that would effectivel)’ pierce 
hard layers inter.spersed amidst the softer material, but recent 
inventions have removed this obstacle. ll)'draulic proces.ses are 
not favoured for prospecting, as the)' afford such little evidence 
of the nature of the strata being penetrated, and conceal indica¬ 
tions of oil, but in proved fields, where depths are ajjproximatel)’ 
known, the wet method of drilling may be changed over to the dry 
at any desired point. Unfortunately, drills that aim at the extrac¬ 
tion of a core by the use of an annular cutter have found little 
favour with oil-field nperators. Such processes impose restrictions 
that are unpopular, although in hai'd strata excellent cores can be 
cut and’ extracted by using diamond crown.s, steel-cutting heads, 
or chilled .shot. 
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Notwithstanding the disadvantage of hydraulic plants they 
are steadily intruding into new fields, and operators are sub¬ 
mitting to the dearth of geological data in face of advantages 
of speed and simplicit)- of working. Intelligent observations 
recorded b)- a conscientious and experienced driller will yield 
certain data, although recognition of specific beds of no great 
thickness is impossible. Speed records are even more u.seful 
than debris examinations, as the)' bear a direct relationship 
to the hardness of the material being drilled, provided due 
allowance is made for sharpness of drill. Particles of rock ma)’ 
reach the surface long after a hard bed has been passed, but 
still afford some data, if meagre, of the formations being 
passed. 

Sandstones, limestones, and hard rock salt ran be.st be 
pulverised by heavy cable tools. Pole tool .s) stem.s are a source 
of con.stant trouble in .such ground owing to repeated breaking 
of the rods as a result of the excessive vibration they sustain. 
Specially large joints should be specified for the tools, to diminisli 
the danger of fractured pin.s. 

Combination rigs are now being more largely used, thereby 
providing for contingencies that may or may not arise. The 
two selected systems are often placed at right angles in the 
.same derrick, thus* providing means of at once changing from 
one system tc^ another in the event of a change of strata. 

The development of an oil-field invariably leads to modifica¬ 
tions of some recogni.sed .system \v’hereby the local peculiarities 
can be best overcome. Russia, Galicia, Texas, Toui.siana, and 
California all provide instructive lessons in the production of 
plant and systems adapted to the peculiar local conditions. 
Observers of limited experience are inclined to indulge in 
criticisms of methods not corresponding with conventional ideas 
at home, when visiting new fields,* quite ignoring the totally 
different features they present. 

In this connection, the utility of pc/'table drills for oil. 
prospecting should not be ovcrlook-ed, as iheir portability and 
lightness assign to them no mean value for exploring to depths 
of 700-1,000 ft. In several fields with which the author’ 



315 


Boring Records 

is professionally associated, they have competed in speed with 
all other varieties of drills, and been retained for the eventual 
development of shallow fields. A third drum should be prescribed 
for manipulation of the casing line without the necessity of 
di.sengaging the drilling cable. Kither a derrick or .shear legs 
stayed by guy ropes should then lie erected to support the casing 
blocks and sustain the weight of the column of casing. 

Boring Records. —Whether prospecting in a new oil-field 
or exploiting an old one, complete, and as nearly as po.s.sible 
accurate, records of the borings should be kept. In some 
countries legislation enforces the compilation of drilling returns 
for official reference, but whether this is compulsor3' or not daily 
journals of all boring wells should be preserved. The geological 
information afforded by the early borings in a new di.strict is of 
immense importance in deciding upo]i the direction in which 
future operations shall e.xtend, and not only should the geological 
data be compiled, but a full histurj' of the drilling should be 
given, in order that subsequent operators who have not had 
the ear'y experience ma3' realise the difficulties encountered in 
passing through the different beds. 

A full boring journal should be divided into a drilling and 
a geological section. In the former should be stated the time 
worked, number of feet drilled, the length, duration, and cau.se 
of any delays or stoppages, and any special remark which would 
indicate the cause of slow' drilling or loss or breakage of tools. 
Full [)arliculars should also be given concerning the size, thick¬ 
ness, and kind of casing or lining tubes in.serted or \vithdrawn, 
and notes should be made as to its freedom or tightne.s.s. In the 
geological return the depth should be given at which every 
change of stratum occurs, and as full a description of each stratum 
as po.s.sible ; an}' observed change of level of liejuid in the well 
should be recorded, and ihc presence and character of water, 
petroleum, or gas .should be fully reported. 

The importanke of correct data can onl}' be appreciated 
by tlto.se clo.sely lllied w'ith oil-field development, as in cases 
where unexcluded surface water fills the well, an appearance 
of certain kinds of sand or the escape of a little gas is sufficient 
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to indicate the possible presence of an oil source and decide a 
definite course of action. 

In compilinjj boring journal.? of pcrcu.s.sion drilled wells the 
following hints may prove u.seful. Cla\’.s should be prefixed by 
their colour or shade in a hydrous condition as raised from the 
well. If of a particularly stiff constitution they should be .so 
described, and if the>' " cave ” a great deal and show a flaky 
structure they can be de.scribed as clay-shales, A mi.xture of 
clay and sand in which the former predominates should be 
de.scribed as .sandy clay or sandy shale if there is no reasonable 
cau.se to believe the sand is from an upper .source or in separate 
lamina;. 

Sand and sandstones can generally be distinginshed by the 
vibration caused by the blow during drilling, and by particles 
of the rock which are almost invari,ably rai.sed with the sludge 
when it is the latter. The colour should be noted, and thes’ 
.should be differentiated by the fineness or coar.scness of the 
grains, or described respectively as grits, gravels, or conglomerates 
if the particles are sharp, rounded, or cemented together respec¬ 
tively. If much lime is pre.sent a sandstone .should be de.scribed 
as calcareou.s, or if impregnated with iron a stratum .should be 
termed ferruginous. 

Sands should bd classified as "water" “running" <>> “quick" 
sands if they contain water (the latter term being confined to those 
which rise in the casing and fill up the well as fast as removed), 
as “gas" sands if they contain gas but no oil, and as “oil” or 
“ bituminous ” sands if they contain petroleum, or solid or semi- 
.solid petroleum-like products. 

Limestones or marls are generally recognised by the colour 
of the sludge, but can always be definitely di.stinguished by the 
addition of a little dilute hydrochloric acid, when a brisk 
effervescence ensues, and the material dissolves with evolution 
of carbon dioxide. 

On the following page is shown a Boring/Retum used by a 
number of companies with which the autholr is professionally 
associated. The form was prepared to cover general prospecting 
and development, and has been found sufficiently complete for 
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most purposes, although in some fields where exceptional condi¬ 
tions exist a modified return is sometimes used. The drillers 
send in a single form each da\-, and the information is then 
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transcribed into a foolscap size book of printed forms kept for the 
purpose in the office. When companies send home drilling 
returns from abroad, it is usual to have forms of sufficient size 
to show cither seven, fifteen, or thirty-one days’ work according 



45-—form i>f Borinp; Return used m Galicia. 


to the frecjuency with which the mails leave or the return.s arc 
required. 

I‘ig. 45 illustrates a form of boring return, dc.signed by 
jeo. von Kaufmann, and largely used in Galicia by the oil 
iroducers. 

The United States Geological Surveyi issued some very 
ixcellent instructions for the preparation of Jvell records in the 
^ecoid of Deep Well Boring for 1904,” which .should be 
•ead by those interested in the question. 
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Fig. 46 .—Useful Method ot keeping Field Note-Book. 

Books should l>e in squared paper, and two opposite pages allocated to each well. On one side are noted important 
details, and on the other a diagram of the well is shown. 
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A useful way of preserving records of wells in a note book for 
field use, enabling data to be added as the work progi esses, is 
shown in Kig. 46, based on a page from one of the author’s 
field note-books. Clay.s, sands, and oil sands, or other specially 
interesting or distinctive horizons, should be tinted with coloured 
pencils, thus indicating at a glance the main features. Abstracted 
casing can be shown by dotting tk.e portion removed. If the 
well mouth levels are taken and allo\vcd fur in each .section the 
comparison of any two pages shows the vert ’ relationship of 
the various strata. 

Cable Drilling. —By far the mo.st popun. and wddely 
adopted method of drilling for oil .ind gas in .ecent years ha.s 
been the cable .systrra, which relics upon the energy ston u in a 
string of heavy tools on a stretched rope It is umraial to sink a 
shaft wherein to manipulate casing eycept where ^ using diffirullies 
are anticipated. 

A timber derrick from 60-100 ft. high, with a 16-20 ft. 
ba.se, is mounted on a heavy framing. On one side is erected the 
which imparts the various desired movements to (he tools 
and accessories of the process. The main drive is received from 
the engine by a wooden band wheel from 8-12 ft. in diameter 
keyed to a .shaft, upon which, at one extremity, is also attached 
a crank that transmits, through the medium of a connecting rod, 
an oscillating movement to an overhead pivoted walking beam. 
Several holes bored in the crank enable the pin to be placed at 
varying radii from the centre, thus admitting an adjustment of 
the stroke to the walking beam to suit requireraent.s. 

From the free end of the walking beam that just overlies the 
mouth of the well, when horizontal, is slung a "temper screw" and 
“rope damp',' to which the cable can be attached when the tools 
are lowered into the well. The tools, are suspended from a cable 
which is coiled on a bull w'heel shaft on the side of the derrick- 
opposite to the rig, and it is driven by a chain or crossed drive- 
ropes'leading from a sprocket or grooved tugjwhcel on the side of 
the band wheel to a corresponding bull wheel 7-8 ft. diameter 
on'the extremity of the bull wheel shaft. 
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Mounted immediately behind the band wheel is a drum, 
Known as,the "sand red" on the shaft of which is fitted a small 
pulley that can be drawn against the face of the revolving hand 
wheel by levers, thus causing its rapid roi n on when so thiown 
into operation. Upon this reel is coiled thi- "sand unc which 
carries the bailer, its speed of descent undei the ii lluencc of 
gravity being moderated by forcing the lever b. ckw irds, and 
bringing the friction pulley in contact with a .stationar}' wooden 
block. As this pulley becomes very hot in deep v ells, through 
slip in driving and friction in controlled descent, ino(;cni reels are 
often furni.shed with two pullcc s, i ne ol which cc .ics in o opera¬ 
tion for raising, the other only foi restraining th' ate o, descent, 
thus allowing each to cool off alternately. .Sand reJs are likewi.se 
designed with a separating disc that enabk-s the win; line to be 
separated into two portitnis : ti,.d which’ i.s needed lor fhe attained 
depth of well, and i.s con.seciuently rjpeatedi}' ni ^oiksl and wound 
up, and that in re.serve, thus protecting tin rope not nninediately' 
required, and diiuini.shing unequal winding on Ihe druni. 

What is known as a “ ca(f irhcd'' i^ s ■ letime.s added for 
manij)nlating a line from the casing bloi.ns, aherwi.sc it is 
necessary to disconnect the drilling cable from the bull wheel 
shaft and use this for the jjurpo.s . A calf wheel and shaft are 
mounted on the rfg side of the framing and ojierated in' a chain 
or ropes from a grooved or siirircket pulley on the end of the 
band wheel shaft. 

At the summit of the derrick are placed the grooved pulleys, 
over which pass re.speetivcly the drilling cable, sand line, and 
casing line. Steel crown lilocks wilh jiulleys affixed arc now 
procurable, w'hercin good lubrication is assured, and consequently 
smooth running. Cable drilling a.s designed above ncce.ssitates the 
u.se of a reversing engine, to w'lueh must be fixed a suitable gear 
that enables tlic operator, h_v means of a rope or rod, to have full 
control over the engine from the derrick both as regards sjjeed 
and reversing arrangements. 

A full string of cable tools i.s some 4^ ft. long, and consists 
of bit or drill, auger stem, jars, sinker, and rope socket, all 
described hereafter. After attachment to the rope they are 
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suspended in the derrick and lowered into the well, a band brake 
on one side of the bull wheel shaft being applied to arrest the 
speed of descent to a safe amount. When the tools 
are near the bottom, the temper screw is attached 
to the cable, the weight thereby being thrown on to 
the walking beam, and the bull wheel shaft being 
released. A few feet of cable are uncoiled from the 
bull wheel shaft, and the engine then .started, and 
speeded u)) till the oscillations .synchronise with the 
natural vibrations of the rope. By feeding out the 
temper screw, the bit i.s lowered until a blow is 
delivered, and then ))eriodically fed out as the material 
is pulverised and the bit fails to strike an effective 
blow. 

As soon as the bit shows signs of not falling 
freely, the slack rope is taken up on the hull wheel 
shaft by attaching the driving i 'pes or throwing the 
chain into gear, and the temiier scre\^ thus relieved 
of weight, the connecting rod or pitman" is dis¬ 
connected from tlic crank-pin, ami the lx;am then 
allowed to recline in an inclined posidon out of the 
way whilst the tools are raised to tla; surface and 
placed at one side of the derrick. The bailer is then 
lowered and the well cleaned out, .sufficient water 
being run into the well previously to promote the 
formation of a mud cajrable of recover}- by bailers. 

Obviou.sly, drilling from the beam could not be 
started with a 40-ft. string of tools, coiLsecpiently the first hundred 
feet or more are drilled by a jjrucess known a.s “spudding!' For 
this operation the beam is disconnected from the crank-pin, and a 
grooved collar slipped on in its place. ] 5 y means of a spudding 
shoe connected by a rope to the roller, a grip is taken of the 
drilling cable near the bull wheel shaft. By jambing the brake 
on the bull wheel shaft, and putting the main shaft in motion, 
the hori-'.oiital motion imparted to the connecting rope transmits 
to the cable from which the tools are suspended a vertical and 
reciprocating movement. Periodical release of the brake feeds 
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the tools downwards as spudding proceeds, the spudding shoe 
adapting itself to new positions as work progresses (see Fig. 49). 

Casing is inserted, abstracted, or manipulated to retain the 
freedom of the column by pulley blocks operated from the 
calf wheel already alluded to, In the latest American rigs the 
use of two blocks has been discarded in favour of a series of 
pulleys arranged on the crown blcjck, through which the block 
line can be threaded after each turn over the suspended travelling 
block. Equalisation of weight on the derrick is better attained 
in this way, and the removal of one swinging block gives increased 
working height in the derrick. 



Fig. 49.—Method of Spudding and Driving Casing. 

Whi-n driving; ciising, drive cltiuips arc hoUcfl to the stem below ihe joinl 
with the rope .soeki L 


Considerable judgment is needed to .secure the full capacity 
of a cable rig. The speed of drilling must be carefully regulated 
to suit depth of well, nature of ground, and quantity of liquid 
in well, and only long e,\:perience will enable operators to judge 
when fresh cable can be safely fed out. Speed is modulated 
to cause the delivery of a blow at the extreme elastic limit 
of the rope, and any slack rope is liable to cause a crooked or 
flattened hole which checks progress and introduces many 
difficulties. 

Under ordinary circumstances there appears to be no necessity 
•to rotate the rope to secure the maintenance of a circular hole. 
The alternate and changeable strains caused by movements of 
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the beam, partial relief of weight at the inoment of striking 
a blow, etc., cause the tools to spin and .so reduce to a minimum 
the chances of the same spot being struck several times in 
succession. Nevertheless .some drillers insist upon twisting the 
rope at the surface a certain number of times first to right and 
then to left. 

The jars never come into play when running normally, 
but are the sole means of safety when trouble ari.ses. Incautious 
or too ambitious drilling often causes the bit to become clogged 
by cavings or "haUing up" in imperfectly pulverised material. In 
such cases the rope simply stretches on application of force, and 
no amount of direct pull on the rope will avail to effect relea.se. 
It is then that the c.ablc is relaxed until the upper link of the 
jars is felt to strike the lower, when, b)- careful adju.stment of the 
temper screw, and rapid oscillation of the beam, a succession of 
violent upward blows can be administered to the tools, forcing 
them through the obstruction. 

Manilla cable drilling cannot be successfully followed where 
there is a high level of liquid owing to the friction.al resistance 
offered to the falling cable and tools. In very caving ground, 
where the maintenance of a high level of liquid might be of 
service, reliance has rather to be placed on keeping the column 
of tubes near the working face, thus dimini.shing the vibration 
that can scarcely be avoided in the presence of a long swinging 
rope. 

• Mention might he made of the danger attending the use of 
a string of tools in a large hole without the addition of guides 
to direct a straight blow (m the working face. When a hard 
inclined stratum is struck, the swinging tools at intervals .strike 
on one edge, with the result that the pin of the bit is fractured. 
Such an accident may be repeated a large number of times in 
succes.sion in certain strata, unless the precaution is taken to 
attach guides or the speed of drilling is reduced. 

Many little refinements of detail complete a rig of .sterling 
merit capable of fine worlc in the hands of an experienced 
operator. In practice the walking beam is carefully balanced, 
and compensating weights are furnished to other parts to simplify 
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their movement. A derrick crane 
a laid-on water supply affords mcs 



Fiff. 50. ■ liit Working in Inclined 
Stratii. 

Showing how :i drill may easily run out of 
the vertical in inclined strata when it 
strikes a hard rock lienealh a soft 
stratum. 
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assist.s the handling of bits, and 
.ns of washing the derrick floor, 
cooling heated friction wheels 
or bearings, besides providing 
the water required for drilling. 
Slielter is arranged by galvan¬ 
ised iron .sheeting, and in cold 
weather ex’haust steam from 
the engine is led in pipes 
around the derrick floor. Elec¬ 
tric lights arc conveniently 
placed to permit all operations 
to be safely continued by 
night, anti a tnrbitie fan and 
steam hammer are frcqucntl)’ 
acce.s,sories to a complete out- 
lying equipment. 

Manilla cables were until 
recent years exclusively used 
for cable drilling. 'I'hcy are 
usually from 2 in. to 2? in. 
diameter, the strands are 
hawser laid, and they .ire com¬ 
posed of the finest cjuality 
long fibres. From 1-3 ft- 
of drilling is performed per 
foot of manilla cable, so that 
the charge for cable can be 
calculated at a rate per foot 
of drilling, A 2.|-in. cable, 
weigdiing 1.5 lbs. per foot., 
acid costing i 3.4 cents per lb. 
of .about 20 cents (tcnpence) 
hole drilled to cable used is 


Under ok > 

to rotate the 1 detailed s[)ccific,ation of a cable rig designed for 

The alternate anfly 2,000 ft. 
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Sl'KCIFICATION OF CaHLI', TOOI. OUTI'IT fok 
2,000 t'KET. 

Lining tube, 12;; in., 10 in., S in., 61 in., 
and 5 in. internal diameter. 

I .Steam liniler cap.ihlc of cv.i|)(iraliiig with case 1,500 lbs. of steam p<'r hour 
at too lbs. pressure with fuel found in the district, litted with feed punii), 
injcrtoi, and spares. 

I llori/ontal n x 12-in. single cylinder reversing steam engine with pulley and 
flywlieel, feed pump .and feeil water heater, with means for operating 
both throttle v.dve and reversing geai from tlie del rids, and ample 
S|)ares and belting. 

I 72 X 20-ft. wooden derm k and rig. 

I Set 1 ig irons, 5-111. sh.ilt. 

I No. 2 liarrett oilwell ja( k, cumpicte with uic lc and bai. 

1 i-ton I larrington chain hoist (T-beanil and swnel tool wicm li, with 3.', and 

4 in. iil.iles. 

2 Sets 100 fi. lelegraph i nul wire and giooved wheels dulled. 

6 No. 65 (lollies line pulieis for use in cheating tenpiei screw. 

1 Set tool wieni lies for 4 m. sipiaies foi x y.J-in. joint. 

' >( n 3 1 .( -X3 „ 

2 16-in. spudding hits 2'/x 37-111. joint, .(-in. si|uarc.s, 7 flat threads. 

3 .'Ml steel t .iliforni.i pattern drilling bits t) woik inside I2j-in. drive pipe, 

2 1 xjj-in. JO,at, 7 flat tlircads 4-111. sipiaies, .( ft. 6 in. long. 

3 -All steel t.aliforni.i (lattein drilling liils to wink inside lu in. drive pipe, 
2; X J.'i-ni. joint, 7 ll.at ihre.ids 4-111. .iju.ircs, 4 It. 6 in. long. 

3 All steel California pattern diiiling bus to work inside S-in. diiie (lipe, 
“ i >=34 J'UUI, 7 flat thieads 4-in. sqiiare.s, 4 (I. 6 in long. 

3 All steel C.ihfornia pailern drilling liits to woiL inside 6ii-in. casing, 
2 I X 3,‘ in. joint, 7 dal threads 4-111. siju.ires, 5 ft. long. 

3 All sl(‘el Lalitornia pattern drilling hits to work in.side sfi.-in. casing, 2 x 3-in. 

joint, 8 shtirp thieads 3j-in. stpiares, 5 ft. 6 in. long. 

I 'Fool gauge foi eai h size hit. 

1 Spudding shoe. 

I box and (liii template for 27 x 3';-in. joint, 7 flat 4-in. spiiaies. 

I 1. 11 „ 2 X j in. joint, 8 sharp jj-in. s(.|iiarcs. 

1 11' in. 11.1). temper screw to let out .( ft. 8 in., willi i j in. low'er parts for 2j-in. 

di.i. rope. 

2 New era rope sockets for 2j-in. rable, 2j‘x3j-in. |oint, 4-in. sipiaies, 7 flat 

threads. 

2 Sub rope sockets for 2j-in. cable, 2 x ( in. joint, 3j-in. squares, 8 sharp threads. 

I Set jars 5] in. dia. x 8-in. stroke, z'-j x jj-in. joint, 7 flat threads 4-111. scpiares. 

1 Set jars 4}! in. dia. x 8-in. stroke, 2 x 3111. joint, 8 sharp threads 34-in. scpiares. 

2 25-ft. stems 4] in. dia., 2j' x 3j-in. |oint, 7 flat threads 4-in. scpiares. 

2 25-ft. stems 3J in. dia., 2 x 3-in. joint, 8 sh.arp threads 3i-in. squares. 

I Conductor bailer iiS ii^ cha. x 10 ft. long. 

I Wronght-iron bailer to in. dia. x 19 ft. long. 

I „ „ 8 111. dia. X ly ft. long. 
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Wrought-iron bailers, 7 in. dia, x 22 ft. long. 

„ „ in. dia. x 25 ft. long. 

„ „ in. dia. x 25 ft. long. 

Spare bail and valve for all sires of above. 

“ Moralian” sand pump for lo-in. drive pipe. 

,, „ S-in „ 

„ „ 6g-in. rasing. 

.. „ .. 

28-in. A.l. treble sheave pulley block for J in. wire rope. 

28-in. A.l. double „ „ J-in. „ 

Heavy 3J in. di.i. round iron rasing pulley block hook with double swivel. 

Set (2) Scoti’s M.anninglon pattern casing elevators for 13-in. 0 . 1 ). tubes, 
n .. ., „ „ loj-in. „ 

n „ „ „ 8§-in. 

.. .. „ „ 7 -in. „ 

_ n .. » „ „ 5 *-i"- 

Set driving clamps 4j x 4I''14-m. iron, with 2j-in. bolts foi clamping on to 
Stem, 4 in. stiuares. 

Set driving clamjw 4lx4jx J4-in. iron, with 2j-in. bolts tor damping on to 
stem, 34-in. square's. 

Pair drive damp wrenrhes. 

Forged steel wedge ling for i3 in. O.l). tubes (spider). 

Set of slips for above to fit 13-in. O.D, lubes. 

i» )i j) lo^-in. ,, 

Forced steel wedge ring for S^-in. 0 . 1 ). tubes (spider). 

Set of slips for 8^-m. 0 . 1 ). tubes. 

.. n 7 -in. 

» » Si'in. „ 

Substitute 2|x3}-in. 7 flat 4-in. squares pin to 2 x 3-in. box, 8 shaip 3i-in. 
squares. 

Substitute 2 x 3-in. 8'.■.harp 3,J^-in. squares pin 10 2| x 3^-in. box, 7 flat 4-in. 
squares. 

2j X 3|-in. box and pin joints, 7 flat threads 4-in. squares. 

2 X 3-in. box and pin joints, 8 sharp threads 3l-in. squares. 

Spud 8 ft. long for SrV-in. casing, 2x3-10 x8 sharp threads 3^-111. squares. 
2,250 lengths of 2i-in. best quality Philadelphia manilla drilling cable. 

2,250 ft. X ,",rin. sand line. 

350 ft. X ^-in. casing lines. 

60 ft. X i^-in. dia. wire rope dead line (spliced), 
wire rope clamps. 

5-in- „ „ 

2i-in. bull ropes and couplings. 

Casing head, 2 outlets, for lo-in casing or .drive pipe. 

,1 ,, S]-in. 

M » ,, 6f-in. 

' n i» 5ii:'ilF „ 

Sand line caps to suit above. 

Each od savers for 8|-in., 6§-in., and 5i"c-in. casing l eads. 
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FisHiNd Tools. 

I Fishing jar 4! in. dia., 30-in. stroke, 2 x 3-iii. joint, 8 sharp threads 3|-in. squares. 

I .Slip socket for 6§-in. casing, with slips for pin and collar of 2} x 3j -in. joint, 
7 flat 4-in. squares, and liowls for S-in. and lo-in drive pipe. 

I Slip socket for 5f',i-in. casing, 8 sharp 4-in. squares, with slijis for pin and collar 
of 2 X 3-in. )olnts. 

I Spare set of slips foi each of abtne. 

I Horse-shoe trip knife. 

I Rope-knife sinker. 

I Rope-knife jar. 

I llali-boarlng swivel for ro|)e knife. 

I Rope grab two-wing for b[; in. casing, si leweJ 2X 3-in. joint, 8 sharp threads 
jj-in. squares. 

I Rf'pe spear for 5i'.i'in. casing, si revved 2 x ;-in. joint, S sharp threads 3]-in. 
squares. 

t liailer grab for 6j;-in. casing, 2 x 3-in. joint, 8 sharp threads jj in. squares. 

I Moot lack foi 5,',-.-in. casing, 2x3-111. joint, .S shai|i threads 3} in. squares. 

Wire Cable Drilling. —I'nr \vcll,s down to 1,000 ft. .steel 
wire cable drilling; ha.s nirely been .siicce.ssful, owing to the 
lack of elasticity which is the dominating factor in the cable 
process, hut beyond that depth there is little difference in speed, 
and when there is a higli level of fluid in the bore hole, or such is 
rendered desirable for the purpo.se of suppressing gas, reducing 
cavings, etc., tiiere is no doubt about its efficacy. No great 
modification in the standard plant is rct|uircd, the main difference 
lying in tlie reirlacement of tire temper screw clamp, the rope 
socket, and preferably larger pulleys and drums for the rope to 
pa.ss over. Complications were at one time anticipated in the 
difificiilty of rotating a wire rope, but the increasing neglect of 
this doubtfully beneficial precaution in all but perhaps a few 
localities has removed one of the chief objections to its intro¬ 
duction. 

Flowing wells may be continued in comparative comfort and 
with little delay by wire rope drilling, the drill working quite 
freely in the column of liquid as the casing head carries off the 
di.scharged oil. Its especial value, however, lies in the feasibility, 
by its use, of drilling in columns of water or mud, and thus 
evading so many of the casing troubles that are such a constant 
source of annoyanc^ delaj’, and e.xpense in .some oil-fields, like 
those of California. 
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Steel wire cables are usually from J-i in. in diameter. 
Various tj’pes of rope sockets arc described on p. 331, .some of 
which are designed to automatically rotate the drill in one direc¬ 
tion. From 4-1I ft. of cable per foot of hole drilled repre.sents 
the wastage in the California oil-fields. 

Circulating Cable System. —The utilisation of a high level 
of water in the hole during drilling has long been practised 
for averting e.xccssive caving, and preventing the too free admission 
of oil and gas until the requisite depth ha.s been attained, and 
other advisable operations completed. Water thus admitted was 
naturally rendered more or less muddy by the ehurning action 
of the tools, but the true importance of thick muddy fluids has 
only recently been appreciated and acted upon \.herc (Hfficult 
caving ground had to be pierced to reach a ceitain horizon. 
The importance of this action ha.s been demonstrated by 
investigations conducted by officials of the United States Bureau 
of Mines,' 

The destructive action of clear water compared with that of a 
more viscous thick clay solution may be discerned by observing 
the difirercnce of behaviour in two streams of fluid over say a sandy 
path. Whikst the former erodes a channel and transports [larticles, 
the latter fills up irregularities between particles and mor es along 
without disturbing the bed over which it flor.’s. The same action 
proceeds in wells. Whilst clear water will tend to dissolve, wash 
out, and remove sandy particles or layers between or amidst 
argillaceous strata, a thick mud will rather produce the opposite 
effect and tend to plaster up porous seams. 

A second feature of importance is the increased pressure on the 
side of the bore hole due to the extra weight of a mud-laden fluid 
over clear water. Whereas clear water weighs 62.5 lbs. per cubic 
foot and exerts a pressure of 43 lbs. per sciuare inch per too ft. of 
depth, a good mud weighs 78 lbs. per cubic foot and exerts a 
pressure of 53 lbs. per square inch per too ft. of depth. Thus at 
a depth of 1,500 ft. clear water would ex^rt a pressure of 645 lbs. 
per square inch against 795 lbs. per square inch for a good mud. 
This character has been practically utilised ydth great success for 

' Technic,il l’:i|)ers, 15 .and (/>, “ I’etiolcuin Technology.” 
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shutting in oil and gas sources which could not be overcome by 
ordinary methods (see p. 392). 

Cable drilling can be performed in thick muds, but steel wire 
lines must replace ordinary manilla cables. The well is kept 
filled by a pump, and when a certain amount of drilling has been 
performed the debris is cleared out in the ordinary wa)' by .sand 
pumps or bailer.s. The le.ss the freedom with which the dis¬ 
integrated material mixes with mud the more frequently it is 
necessary to clean out the hole. 

Ine.xpensive additinn.s are necessary to convert a cable rig 
into a circulating plant. Drilling is continued with a steel wire 
line through a casing head and oil saver, whilst a circulation 
is maintained down the inside of the casing and up around its 
e.xterior. This process has proved especially efficacious where 
caving difficulties combined to impede drilling and check the 
movement of the column of casing. The saving of a single 
column of casing in a deep well may itself represent several 
thousand dollars, but it is in time that the greatest advantages lie. 

Fig. 5 I .sho^vs the method adopted. A mud is |)reparcd to 
suit the circumstances, and two suitably couplcd-up pum]j.s, 
capable of interchange at an}’ momiait, gi\'e the desired pressure 
to maintain a circulation. 

A special feature of this process is the “ .wcA/g/Vg.t/dfr;',” ^rhirh 
enables the casing to be raised and lowered without withdrawing 
the tools. As it is essential that the casing be kejit within a few 
feet of the botloui of the hole during drilling, the advantage of 
this appliance is apparent. 

Rope Sockets. —Cemnections between a manilla or wire 
cable and the string of tools is made by a rope socket. The 
lower part is internally screwed to fit the tools, whilst the 
upper is often in two parts, and internally bored with a taper 
hole into which the rope,, increased in bulk by plaiting in 
additional strands, is firmly drawn. One popular type has 
a tapered side orifice into which the bunched-up cable end is 
tightly drawn and then trimmed, y 

Wire rope sockets are often constructed with conical recesses 
in the body of the tools corresponding with wedge-shape segments 
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Steel wire cables are usually from J-i in. in diameter. 
Various tj’pes of rope sockets arc described on p. 331, .some of 
which are designed to automatically rotate the drill in one direc¬ 
tion. From 4-1I ft. of cable per foot of hole drilled repre.sents 
the wastage in the California oil-fields. 

Circulating Cable System. —The utilisation of a high level 
of water in the hole during drilling has long been practised 
for averting e.xccssive caving, and preventing the too free admission 
of oil and gas until the requisite depth ha.s been attained, and 
other advisable operations completed. Water thus admitted was 
naturally rendered more or less muddy by the ehurning action 
of the tools, but the true importance of thick muddy fluids has 
only recently been appreciated and acted upon \.herc (Hfficult 
caving ground had to be pierced to reach a ceitain horizon. 
The importance of this action ha.s been demonstrated by 
investigations conducted by officials of the United States Bureau 
of Mines,' 

The destructive action of clear water compared with that of a 
more viscous thick clay solution may be discerned by observing 
the difirercnce of behaviour in two streams of fluid over say a sandy 
path. Whikst the former erodes a channel and transports [larticles, 
the latter fills up irregularities between particles and mor es along 
without disturbing the bed over which it flor.’s. The same action 
proceeds in wells. Whilst clear water will tend to dissolve, wash 
out, and remove sandy particles or layers between or amidst 
argillaceous strata, a thick mud will rather produce the opposite 
effect and tend to plaster up porous seams. 

A second feature of importance is the increased pressure on the 
side of the bore hole due to the extra weight of a mud-laden fluid 
over clear water. Whereas clear water weighs 62.5 lbs. per cubic 
foot and exerts a pressure of 43 lbs. per sciuare inch per too ft. of 
depth, a good mud weighs 78 lbs. per cubic foot and exerts a 
pressure of 53 lbs. per square inch per too ft. of depth. Thus at 
a depth of 1,500 ft. clear water would ex^rt a pressure of 645 lbs. 
per square inch against 795 lbs. per square inch for a good mud. 
This character has been practically utilised ydth great success for 

' Technic,il l’:i|)ers, 15 .and (/>, “ I’etiolcuin Technology.” 
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that firmly grasp the rope when weight is applied. One type 
of socket contains a simple conical recess, tapering downwards, 
into which the rope is thrust, the strands spread out, and the 
whole fixed in position with white metal or lead. 

Wire rope sockets have been designed to take advantage of 
the spin transmitted to a wire rope. 

One such type has a ratchet which 
ensures the rotation of the tools in 
one direction. Another is provided 
with a ball-bearing that makes the 
rotation of the tools quite indepen¬ 
dent of the spin of the rope. 

Tool Joints and Tightening 
Apparatus. — Nearly all modern 
tool joints have taper threads of from 
si.x to eight threads per inch. Both 
pin and .socket ends are carefully 
turned, screwed, and chased to 
gauge, .so that they can be screwed 
up by hand wrenches to within the 
thickness of a sheet of tin plate. 

The joints of cable tools are screwed 
to butt, and loosened ■ by massive 
tool wrenches, the ends of which 
arc either levered from a half circle 
bolted to the derrick floor, nr driven 
home by blows from a sledge 
hammer. Tool joints must be ab¬ 
solutely interchangeable, kept quite 
clean, and must always be preserved 
by thread protectors when not in use. 

The best and most . universally ado|)tcd apparatus for 
tightening up and loo.sening joints is the Barrett Oil-well “Jack” 
shown in Fig. 53. 

Percussion Bits. —Several representative forms of percussion 
drills appear in F^. 54. Cable drillers generally prefer the 
thicker type as shown in Fig. 54, b, and 54, c, whilst for pole tool 
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-American Cable Tools. 
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systems the thinner, sharper variety illustrated in Fig. 54, c, is 
preferred. 

There is a modern tendency to increase the length of drills, 
and in the smaller size.s they are often all steel, instead of having 
only a lower i)art of steel welded on to an iron shank. 

Special shaped bits are .sometimes u.sed for particular duties. A 
"Star” bit (h'ig. 54,/) is effective in rounding up a hole which for 
some reason is not (juite circular, and bits with side wings are in 
general favour in Russia and Roumania. 

Eccentric Bits. —It is possible in some kinds of strata to bore 
a hole several inehes larger than the diameter of the bit by means 



of eccentric hits. These drills, whilst pas.sing freely through the 
casing, have an eccentric cutting edge whereby a hole larger than 
the diameter of the bit is made. Divergent views are held con¬ 
cerning the value (jf the many de.signs of eccentric bits in use. 
The objects aimed at will be self-evident from the features shown 
in Fig. 55. As a matter of fact, one form will give better 
results in certain ground than another, and only trial determines 
the advantage of any particular class in a certain locality. 
Flccentric bits should be nicely balanced by the judicious distribu- 
tion of metal, although this feature is not often taken into account. 

By their use in Galicia and Roumania, it has been possible 
without the aid of under-reamers to carry sti’lngs of casing behind 
the drill for many hundreds of feet, where formerly a reduction of 
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diameter was often necessary much earlier to secure the free action 
of the drill. 

Under-reamers. —Geological formations characterised by alter¬ 
nations of loose caving ground and hard rock can, as a rule, only 
be successfully dealt with by percussion tools by keeping the 
casing near the bit. As the casing shoe, which is nece.ssarily 
larger by an inch or more than the drill, cannot be driven past 
hard beds without danger, the hole is enlarged, by means of an 

under-reamer, to a little more than the 
size of the outside diameter of the 
shoe of the lining tubes. Tvo types 
of undcr-reamers used in conjunction 
with percus.sion drill: are illustrated. 
That shown in f'^'g. 56, /;, where the 
expanding cutters arc kc])t extended 
by internal springs, i.s known as the 
Austrian. Fig.56,f7,show’s the Russian 
tyjre, where the under-roaming cutters 
are extended by an external spring. 
In both cla.s.ses the cutters are de¬ 
signed to expose a rounded surface 
to the tubing during their descent in 
the casing. 

Both of the above types of under- 
reamers may be incorporated in the 
string of tools, thereby enabling both 
rlrilling and under-reaming to be con¬ 
ducted simultaneously. 

A successful combination under-reaming drill is shown in 
57i where it will be seen that the cutting edges of the drill 
are shaped to assist in the extension of the two wings. 

Another popular cla.ss of undcr-rcamer is used for independently 
enlarging the hole after drilling has progres.sed some distance. 
An example of such i.s represented in Fig. 58. These latter are 
used when some difficulty is experienced in maintaining the 
rotation of cable tools when an under-reamer is attached to the 
string of tools. 

Handling and Dressing Bits.— The dressing or trimming 



Fig. 55.—Kcientrit PcRTis.sion 
Dnliinj; Dili. 
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(sharpening can scarcely be applied to the operation in most cases) 
and tempering of large-sized drills impose laborious duties on the 
attendants, and ingenious devices have been introduced to facilitate 
the work where neither a worksho|) nor extra men are often avail¬ 
able. A small steam turbine-propelled blower for the forge is now 

a b 




56.—Undcr-rcanicrs. 

(i. Fii'^sian. h. Ausliian. 

a common adjunct to a drilling equipment, but where bellows are 
retained, a rope is usually led from the handles of the bellows to 
some reciprocating part of the rig to perform tlie blowing. For 
the dressing of bits steam hammers are now procurable that can be 
cheaply erected at o^ near the well, and enable a blow to be 
delivered at almost any required angle. 
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A light derrick crane (Fig. 59) is an acceptable contribution to 
a modern rig, enabling the tools to be easily manipulated during 
repairs. In conjunction with this crane a swivel wrench of novel 
design, known as the "Barrett,” is often employed to simplify 
handling. 

On p. 340 is a drawing of a blacksmith’s forge for burning 



oil fuel. An ordinary fan is used fo'- the air blast, and combustion 
is effected in a fire-brick side chamber prior to admission to the 
.furnace proper. 

The drills are dressed to suit the character of strata being 
penetrated. In soft sticky formations no 0 jtting edge is given to 
the bit, and they really constitute rammers, having an almost flat 


Derrick Crane 


339 


base. In hard ground a cutting edge is given to the tool. Wear 
is mainly confined to the side edges, causing a gradual reduction of 



Fig. 59.—Derrick Crane with Swivel Wrench. 

diameter that must be corrected by “jumping up.” Drilling 
troubles will be constant if the diameter of drill is allowed to 
diminish too much by wear without dressing. 





340 


Oil-Field Development 

Bit gauges are always kept at the well to aid the dressing by 
ensuring a correct outside sweep to coincide with the diameter. 

Appliances for Removing Debris.— As ground is pulverised 
by percussion tools the detritus or puddled mud formed has to be 
cleared away to enajsle the tools to fall freely and deliver clean 




unchecked blows to unbroken strata. The most common appliances 
for rapid work are known as bailers and sand pumps. 

Bailers.—V>d\\ets are cylindrical' iron vessels from a few feet 
to 30 ft. in length, provided with a valve opening inwards at their 
lower extremity. They are used for the removal of mud which 
does not settle rapidly or compactly after the drill has been brought 
to rest and raised from the well. There i^ usually some form, of 
pick or extension which assists to stir up the debris when the bailer 
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is quickly and repeatedly raised a few feet from the bottom and 
allowed to fall again. Fig. 6i shows a few normal types whose 
dimensions and length are varied to suit circumstances. 

Bailers are usually made by riveting together lap-welded 
sections of sheet iron and then soldering, but welded spiral 
bailers are now commonly made in long lengths. 

Bailers with a disc valve are emptied by lowering on to an exten¬ 
sion of the guide spindle attached to the valve, those with flap 
valves are lowered on to a vertical bar which forces up the valve. 

Sand Pumps .—Sand pumps, in addition to being provided with 
a lower valve, have a piston which when worked cau.ses the debris 
to be drawn into the bailer, where it is held by the lower valve 
whilst being raised. Special features characterise different makes, 
but the essentials of all are the same. A number of typical designs 
are shown in Fig. 62. 

B represents a simple .sand pump where, during lowering on •• 
a line, the plunger is at the top of the chamber, but on reaching 
the bottom the body comes to rest, and the plunger descends by 
its own weight. By alternately raising and lowering the sand line 
some feet beyond the full stroke of the plunger, the debris is 
agitated by the movement of the pump and drawm into the vessel, 
where its return is prevented by the closing of the lower valve. 

Some debris is ys difficult to remove from the ves.sel when once 
introduced as it is to induce its initial entry. D and E show 
three types of sand pumps designed to minimise this inconvenience. 
In B, C, D, and E a knuckle joint enables the bailer to be easily 
inverted for emptying the contents. C, E, and F illustrate means 
for quickly and simply removing the lower valve, so affording 
facilities for assisting the removal of compacted material. 

A good Russian type of sand pump for cleaning wells of large 
diameter is shown in A, where a piston operates in an upper 
chamber of reduced diameter. 

The plungers of sand pumps arc usually packed with old rope 
or belting. The valves, if not of the metal disc type, have leather 
seatings. 

Augers .—Before wells have reached a gre^* depth they are some¬ 
times cleared of thick material by means of shell or screw augers, 
lowered on and rotated by rods. Shell augers'partake of numerous 
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designs, some having closed bodies, others open ; some are fitted 
with valves to retain their contents, others have no such provision. 

Canadian System of Drilling. —Developed beyond recognition, 
the modern drill known under tlic designation of Canadian rig is 
the modified adaptation of a pole tool system initiated in Canada 
and subsequently developed in Galicia and Roumania. Originally 
ash pules were the media of connection between the tools and 
the surface, but deeper drilling and scarcity of suitable timber led 
to their substitution by sijuare or round iron rods. No better all¬ 
round rig could be suggested for prospecting, as the po.sitive action 
of the rods affords a means of attacking all kinds of material, and 
presents facilities for the use of under-reamers. 

The Canadian rig is a sim])lc woodwork framing in wliich one 
shaft and two “spools" running in bearings transmit the various 
motions desired. The drive is taken by .i pulley attached to the 
main shaft, on which arc also keyed two “bond” pulleys which- 
communicate by belting with two spools running immediately 
overhead in the iqiper part of the framework. Keyed to one 
extremity of the main shaft is a disc crank whieli, through the 
medium of a “pitman" or connecting rod, transmits an oscillating 
movement to an overhead, pivoted walking beam when tiie engine 
is run. The band and spool pu’leys are flanged to prevent the 
driving belts from slipping off, as the belts are alway s left loosely 
in position. The spools are brought into action by “jockey 
pulleys" which are drawn firmly inwards by levers against the 
belts. One spool wheel operates the sand line when cleaning 
out the well, the other is used for lowering and raising the rods 
and tools as they arc inserted or withdrawn from the well. 

Near the fulcrum of the walking beam is attached a “slipper 
out," which is u.scd for feeding the tools during drilling, instead of 
a temper screw. It is merely a worm gear or a clutch gear with 
double pawl attached to a spindle ppon which is coiled a chain 
leading to the “spring pole" overhanging the well. At the end 
of the beam the chain several times encircles a fitting, so that 
when the tools are released by the dutch gearing the greater 
part of the weight is taken by the beam and ^lot by the clutch. 

P'ig. 63 shows the general arrangement ol a Canadian rig. . • 

■’ Casing duties are performed by a line that connects to the 



I'g. 63.—Canadian Rig. 


hauling- drum after disconnection of the hauling line, unless an 
extra spool is provided for the purpose separately controlled by 
jockey pulleys and levers. Variable lengths of stroke can be 
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imparted to the tools by placing the crank-pin in one of the several 
holes on the crank disc. 

Spudding is performed by leading the drilling cable over two 
grooved pulleys attached to the walking beam at equal di.stances 
on each side of the fulcrum and thence over the top pulley, a 
movement on the beam thus transmitting a reciprocating motion 
to the string of tools, Canadian tools clo.sely resemble those 
used for cable drilling. The jars arc not omitted as they con¬ 
stitute a safeguard that should never be neglected. Guides are 
often bolted to the stem to ensure the delivery of a direct blow, 
and an under-reamer is often part of the complement of a string 
of tools to enable the casing to closely follow the tools. 

The poles are of 2-2! in. hexagonal or round trimmed ash, 
in lengths of about 18 ft., to the extremities of which are riveted 
iron straps which partially encircle the rod and have a screwed 
pin or a box joint. Sometimes two such rods are coupled ,. 
together by means of two iron straps encircling the pole, making 
36-ft. lengths. The joints are always screwed taper to take 
up wear, and there are six to eight threads to the inch. The 
figures below give the Canadian standard sized joints for poles 
and other attachments :— 


No. 



Length 

1 'J’liiead. 

Si 7 C I)f 

Diam. of 

Point. < 

Shouhlti. 

' ))ri liich. 

Wicnche*. 

Collar. 


Inches. 

Inches. 

Inches. 

1 

Inches. 

Inches. 


li 

-1 

3 

s 


' 3t 

3 

■J 

n 

4 

1 ^ 

3 

i 4i 

3 



4 

8 

3 

4!! 

4 


i 

1 

4 

8 

3i 

41 


Iron poles l-\'g in. diameter are largely used in place of 
ash poles, although the latter have the advantage of reduced 
weight when deeply immersed in liquid. The metal rods must 
be annealed at intervals in a furnace, to counteract crystallisation 
that in time becomes a fruitful source of fractures unless checked. 

The rods are raised and lowered by a pole box and swivel 
on a ^-in. steel wire rope worked by one of the spools, a. suitable 
fork being pushed beneath the collar of eailh joint as it reaches 
the mouth of the well. The descent of the nope after a rod has 
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been raised and placed aside in the derrick is brought about 
by a heavy rope weight coupled to the rope above the swivel- 
screwed joint by which they are lifted. When the tools and 
rods have been lowered to the bottom of the well, suitable short 
lengths of rods are attached to give the de.sired distance to couple 
up with the feed chain on the walking beam by a drill swivel, the 
feed being adjusted by the slipper-out clutch during work. 

Modern Canadian rigs are often constructed of steel and adapted 
to perform wire cable drilling, thus greatly enhancing their value 
by permitting accelerated drilling speeds in suitable strata. 

In addition to the ordinary .sand pumps and bailers which 
can be operated by a steel wire line, augers can be lowered and 
rotated by the rods. 

Sl’ECIKICATlON OK COMfLETE CaN.\DIAN RIG AND TOOLS 
KOK Drilling to a Depth ok 2,000 Feet. 

For lining tubes T2jl in., 'o in., 8 in., 6?, in., and 5 in. 
internal diameter. 

I Steam boiler capable of evaporating with ease 1,500 lbs. of steam per hour 
at 100 lbs. pressure with fuel found in the district, fitted with teed pump, 
injector, and spares. 

I Horizontal iiix 12-in. single cylinder reversing steam engine, with pulley 
and flywheel, feed pump and feed water heater, with means for operating 
both throttle valve and reversing gear from the djrrick, and ample spares 
and belting. 

I Wood or steel derrick, fio ft. high x 18 ft. base. 

I All steel rig, including walking beam, snatch post, husk blocks, sheave block, 
C.I. boxes babbited for crankshafts, spools, tighteners, saddle bolts, 
belting, etc. 

WiKE Ropes. 

I i-m. draw line, 120 ft. long, fix 19 construction, fitted with two thimbles. 

1 |-in. casing line, 650 ft. long, 6 x 19 construction, fitted with one thimble. 

2 9A-in. sand lines, 2,500 ft. long, fix 12 construction, fitted with two thimbles. 

2 l-\n. drilling cables, 2,500 ft. long, fix 19 construction, fitted with one thimble. 

Dmli.ing Bits. 

2 15-in. spudding bits, 3 x 4-in. pin, 420 lbs. 

3 Drilling bits to work inside 123-in. I.D. drive pipe, 3X4-in. joint, 4i-in. 

squares, 430 tbs. each. 

„ lo-in. I.D. drive pipe, 3 x4-in. joint, 4i-in. 
I squares, 375 lbs. each. 

„ 8-in. I.D, drive pijic, 2fx3j-in. joint, 4-in. 

t squat es, 320 lbs. each. 


3 
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3 Drilling bits to work inside 6^-in. I.D. drive pipe, 2^X3^'in. joint. 4-in. 

squares, 270 lbs. each. 

3 „ „ „ 5-in. l.U. drive pipe, ijxej-in. Joint, 3-in. 

squ.ircs, 180 lbs. each. 


Kcci'.NTkic Hits. 

3 Eccentnc liils to work inside J2t!-in. I.l). drive pipe, O.D. of shoe being 

14J in., 3 X 4-in. joint, 4i-in. squares, 
450 lbs. caih. 

3 ,, „ „ lo-in. l.I). drive pipe, O.T). of shoe being 

12 in., 3 X 4-in. joint, 4i-in. squares, 
400 lbs. each. 

3 „ „ „ 8111. I.D. diivc )ii]ie, O.D. of shoe being 

ijj; in., 2j X 31-111. joint, 4-in. squares, 
300 lbs. each. 

3 „ „ „ 61 -in. I.D. drive pipe, O D. of shoe being 

7\l in., 2), X3i-in. joint, 4-in. squares, 
250 lbs. each. 

3 „ „ „ 5-in. I.l). drive pipe, O.D. of shoe being 

6|V, in., Ij'xei in. joint, 3-111. squares,^ 
150 lbs. each. 


.SlXKERS. 


5-in. binUe] 

b 25 ft. 

long, 3X 4-in. joinl, 4j. in. 

b([uarc. 

5-in. „ 

15 

,, 3 X 4-in. „ 

4i-in. 

)! 

4^-in. „ 

25 

„ e'ix ji-in. ., 

4-in. 

t) 

34 -in- „ 

25 

„ ijx-il-in. ,, 

3-in. 

51 

3 -in. „ 

20 

„ large pole joints for saiul piniip and fislnng 


J AR.S. 

I 6,J-in. drilling jar, 3 x 4-in. joint, 4I in. squares. 
1 5i-in. „ 2ix3i-in. „ 4-in. 

1 4i-in. „ i|x2j-in. „ 3-in. ., 

1 5i-in. fishing jar, 24 X3k-in. „ 4-m. „ 

I 4j-in. „ iix2j-in. „ 3-in. „ 


SUliSTJTUTE.S. 

1 Substitute 4 x 3-in. bot, zi x 3i-in. pin. 

I „ 4 X 3-in. pin, 2i X 3i-in. box. 

1 „ 4 X 3-in. box, large pole pin. 

I „ 24 X 34 -in. box, I, 5 x 2j-in. pin. 

I II 2IX 3j-in. pin, 1J X 2|-in. box. 

I „ 2J X 34 -in. box, large pole pin. 

I „ ijxaj-in. box, „ „ 

I „ I j X2 j-in. jiin, large pole box. 

1 „ large pole pin, small pole box. 

I ' „ large pole box, small pole pin. 
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Drii.l Poles. 

84 Special iron drill poles, e.ach 36 ft. long by 1 in. dia, = 3,024 ft., small pole 
joint. 

8 Tubular band poles, 2 each 5 ft., 6 ft., 10 ft., and 15 ft., for each size joint. 

20 Pairs small pole joints for welding. 

VVKENCIIJ'S. 

2 Heavy tool wrenches for 4i-in. squares. 

“ n n 11 4'm. ,, 

“ II II II 3'ai. „ 

2 Knock wrenches. 

1 Catch wrench. 

2 Chain levers (r heavy and I light). 

1 Key wrench for iron poles. 


Swivels. 

2 Pole swivels with chain for i-in. jioles. 

2 Sand pump swivels. 

I Pole hook. 

I Sand pump hanger and chain. 


Mud and .Sand Pumts. 


1 i2-in. mud pump, 6 ft. long, with hinged hail and large [lole pins. 

2 loj-in. sand pumps, 18 ft. long, with large pole pin. 


85'in. 

II 18 


7-in. 

II 18 

1) 

5fin. 

II 3 f> 


45-in. 

II 36 


Spare 

valve for each of 

above. 


5 ’ 

with smaii „ 


11 


WKDtJE Rings and Wedges. 

(Heavy Piiltcm.) 

I Steel plate suitable for 13-in. and io|-in. O.U. drive pipe. 
I Set of wedges for 13-in. O.D. drive pipe. 

1 jj 10^-in, ,, 

I Steel plate suitable for and 7-in. O.D. drive pipe. 

I Set of wedges for 85-in. O.D. drive pipe. 

^ o »> 7 *in. „ ,, 

I Steel plate suitable for 5i-in. O.D. drive pipe. 

1 Set of wedges for 5i'in. O.D. drive pipe. 


, Klkvatoks. 

I Pair Scott’s Mannington elevators for 13-in. O.D. drive pipe. 
> » M ' „ „ loJ-in. „ 

V » . » iSS-in- » 

'» T 5 n )) 7 ‘in- )) 

|> » >1 5 '^‘it^* » 


1 
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Blocks. 

I Extra heavy quadruple block with 15-in. sheaves and shaikle .ironzc bus 

1 Exlrfheavy UeWe block with 15-in. sheaves and swivel head ..ronze-bushed 

throughout. 

2 Light blocks for ij-in. rope. 

Wire Hope Drilling Swivjls and Ci.vmi's. 

I I’atent wire rope .swivel, 4 x 3-in. box. 

I „ „ >, 2]x3iin. „ 

I „ „ i;(x2i-in. „ 

I Heavy wire rope drilling clamp. 


Fishing Tools. 

I Slip socket for recovering i-in. iron pole in 8-in. 1.1). drive pipe, with bonnets 

for lo-in. and I2j-in. 2jx3i-in. joint. 

1 Slip socket for recovering i-in iron poles in 5-in. I.D. dr. pipe, with bonnets 

for b^-in. and IJ x 2|-in. joint. 

2 Spare sets slips for each size. 

I Hook with dog for 10-in. hole, 2^ x 3i in. joint. 

I „ „ 6i-in h(..ie, i|x2|-in. „ 

I Horn socket, 12^-in. hoK, 2; x 3^-in. joint. 



>1 

8-in. „ 

2I ; 3i-in. 

» 


6fin. „ 

i| X 2|-in. 


n 

5-in. „ 

I J X 2^-in. 

Wire 

rope 

knife, large pole pin joint. 

>> 


„ sinker 

>» 

n 


„ jar 




„ hook 


Wire 

rope 

spear, i| x 2| 

-in. joint. 



grab, i| X 2|- 

in. „ 


Spuns. 

I Spud 10 ft. long for lo-in. hole, 4 x 3-in. joint. 

1 „ 6^-in. „ 2ix3i-in. „ 

Welding on Joints. 

2 Pairs 3 X 4-in. joints for welding. 

2 „ 2JiX3i-in. „ „ 

2 „ i|x2|-in. „ „ 

3 Pole joints for welding. 


SWEDGES. 

1 Swedge fluted for working inside lo-in. I.D. drive pipe. 
I „ » u 8-in. ,, „ 

1 „ )j i> 6^-in. ,, „ 

1 . „ M » 5'*D* J) ^ 
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;i.Ti 


Drive Clamps. 

I Pair dri\e damps and bolts to fit 4j-in. squares. 

I j) n )J 1) 

I )) n 11 3*'^* 11 

1 Set spanners. 

Russian Freefall System.—The large diameter of wells in 
the Baku oil-field.s, and the .specially caving nature of the strata 
met with, have led to the adoption of a modified pole tool system 
which well suits the local conditions. The tools consist of a chisel 
or bit, under-reamer, sinker bar, and freefall, connected by i J-in. 
square iron rods which extend to the surface. The tools are 
operated by a geared frame of heavy design driven by belting 
from an engine or motor in the derrick. The geared frames vary 
somewhat in design, but they are all provided with means of 
operating four distinct shafts or combinations which drive by 
gearing or otherwise three drums and a crankshaft. One slow 
geared shaft in the front of the frame is fitted with a drum and 
powerful side brake, and is used for raising and lowering the tools 
through a distance of about 50-60 ft. as the rods or tools are 
being connected or disjointed. Another larger drum geared for 
high speed is used for raising and lowering the bailer and sand 
pump, and a third drum shaft, also in combination with a brake, 
operates the heavy pulley blocks which are used for manipulating 
the casing. One of the above shafts, which can be disconnected 
from the drum, or a fourth shaft, is fitted with crank di.scs, which, 
by connecting rods, impart an oscillating motion to a walking beam 
pivoted on the upper part of the frame. The cranks are provided 
with holes at different radii to enable a varied stroke to be given 
to the beam by altering the position of the crank-pins, and means 
are arranged for throwing in and slipping out of gear the various 
drums as occasion demands. 

, The tools are screwed together singly and lowered into the 
mouth of the well by means of either a li-in. English welded 
chain, or a ij-2j-in. steel wire cable attached to the front drum, 
a very heavy swivel hook with safety catch being attached to 
the chain or rope for the purpo.se. The i|-in. square rods are 
generally 21 ft. long, screwed with taper threads, and are left 
coupled up in pairs to make 42-ft. lengths after the depth of 
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the well exceeds about 70 ft. A sheet-iron cap with a slotted 
hole sufficiently large to pass the collars of the rods is placed 



over the casing mouth when the tools hate been lowered, and 
this retained in position until the tools .•>re again withdrawn 
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I )) n 11 3*'^* 11 
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Russian Freefall System.—The large diameter of wells in 
the Baku oil-field.s, and the .specially caving nature of the strata 
met with, have led to the adoption of a modified pole tool system 
which well suits the local conditions. The tools consist of a chisel 
or bit, under-reamer, sinker bar, and freefall, connected by i J-in. 
square iron rods which extend to the surface. The tools are 
operated by a geared frame of heavy design driven by belting 
from an engine or motor in the derrick. The geared frames vary 
somewhat in design, but they are all provided with means of 
operating four distinct shafts or combinations which drive by 
gearing or otherwise three drums and a crankshaft. One slow 
geared shaft in the front of the frame is fitted with a drum and 
powerful side brake, and is used for raising and lowering the tools 
through a distance of about 50-60 ft. as the rods or tools are 
being connected or disjointed. Another larger drum geared for 
high speed is used for raising and lowering the bailer and sand 
pump, and a third drum shaft, also in combination with a brake, 
operates the heavy pulley blocks which are used for manipulating 
the casing. One of the above shafts, which can be disconnected 
from the drum, or a fourth shaft, is fitted with crank di.scs, which, 
by connecting rods, impart an oscillating motion to a walking beam 
pivoted on the upper part of the frame. The cranks are provided 
with holes at different radii to enable a varied stroke to be given 
to the beam by altering the position of the crank-pins, and means 
are arranged for throwing in and slipping out of gear the various 
drums as occasion demands. 

, The tools are screwed together singly and lowered into the 
mouth of the well by means of either a li-in. English welded 
chain, or a ij-2j-in. steel wire cable attached to the front drum, 
a very heavy swivel hook with safety catch being attached to 
the chain or rope for the purpo.se. The i|-in. square rods are 
generally 21 ft. long, screwed with taper threads, and are left 
coupled up in pairs to make 42-ft. lengths after the depth of 
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allowed to run loose when the sand pump or other cleaning tool is 
lowered into the well on a J or in. wire rope. The bailers, sand 
pumps, etc., used for cleaning the debris are of the ordinary 
description, except that they are much larger. A form of spring 
freefall, illustrated in Fig. 64, has become increasingly popular during 
recent years. It rather takes the place of a rope in imparting flexi¬ 
bility to the reciprocating tools, whilst at the same time its attach¬ 
ment to rods enables a positive rotary action to be given to the 
suspended bit, so ensuring equal action of the under-reamer at all 
points. This action is uncertain in the ca.se of rope drilling when 
the under-reamer and the bit are attached to the string of tools. 

Heavy forged steel chisels or bits, often with side wings, are 
used, and the Russian form of under-reamer (sec F'ig. 56) is screwed 
to the chisel. It consists of a solid rectangular body machined to 
take two cutters pivoted at a central position by a strong pin. 
The two cutters are kept e.xtended by a steel spring encircling the- 
body e.xternally, which forces upwards a cross bar connected to 
the cutters by two links. The cutters arc .so dc.signed that they 
only expose the cutting edges when fully extended to a diameter 
about 2 in. larger than the casing through which the woik is 
proceeding. When forced downwards against the spring the 
cutters pass tightly through the "asing, the flat part oniy coming 
into contact with the sides of the casing, cxp.'inding out to their 
full width on emerging from the casing shoe. 

In the Russian oil-fields the caving nature of the strata makes 
it necessary to keep the casing near the tools, con.scquently it is 
customary after each 5 or 6 ft. of drilling to rivet on a 4 ft. 8 in. 
length of casing, and lower it into position, never omitting at the 
same time to move the column up and down several times to keep 
it liberated. Heavy three and four fold pulley blocks suspended 
from timbers at the top of the derrick are used for this work of 
freeing the casing, and the wire rope is operated by one of the 
drums on the geared frame. If the tubes become too tight to be 
moved by the pulley blocks before theyjiave been sunk 300-400 
ft. below the preceding column, it is usual t'i.jji.ake attempts to 
liberate them by using hydraulic jacks as well as the pulley blocks, 
a new column only being lowered when a^l reasonable measures 
have failed to free the preceding one. 
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1. Screw jack for Pressing Oiaint'. 4. Sartd Pump. 

2. Safety Hook fof Raisinj,^ Rods. 5, Sinker Par with Guides. 

3. Jack for I\aisinij Casing. 6. Frcefall. 

7. Temper oerew. 
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Figs. 64 and 66 illustrate good types of boring machines used 
in the Baku oil-fields for drilling to depths of 2,500 ft. There are 
numerous modifications of geared frames in general use, but the 
actual speed of drilling does not vary much from an average of 
5-6 ft. daily in wells of 2,000 ft. depth. 

Rotary Flush Drills. —Considerable progress has been made . 
during the last few years towards perfecting the rotary flush type 
of drill. The earlier varieties aiming at the extraction of a core 
have been discarded in favour of direct cutting or disintegration 
with suitably shaped bits. Many of the large supply houses pow 
turn out a satisfactory type of drill, in which needlessly extravagant 
claims are often made for unimportant details of construction. 

Rotary flush drills were first successfully used ir Louisiana and 
Texas, where it was necessary to pierce thick beds of “running" 
sands which had defied all efforts with percussion drills. They 
have proved especially efificacious for negotiating heavy caving or - 
swelling clays through which it was often difficult to drill with a 
percussion bit, and still more difficult to cany a string of pipe to 
any considerable depth. 

The main feature of all rotary flush drills is a rotating table 
driven by gearing or driving chain from “ (ivtiwivoyks erected on 
one side of the derrick. The rota.y table of one good rig consists 
of a massive hollow cast-iron block, on which arc irounted four 
rollers, called grip rings, contrtjlled by powerful c.crcws, which 
enable the drill stem to be firmly grasped when inserted between 
them, without impeding its vertical movement. This table reclines 
upon a disc running on rollers or balls, and is rotated by bevel 
gearing engaging with teeth ca.st on its lower outer edge. The 
upper table is attached to the rotary disc by heavy steel studs over 
which it is slipped, he driving .shaft at the side of the rotary is 
provided with a clutch to throw the table in and out of gear at will. 

One modern rotary table is furnished with an appliance for 
screwing up the stem by power instead of by hand a.s is usual. 

The hoisting ^ear or drawworks consists of a main shaft with 
chain tran.smission from the engine, and this siL^ft drives the table 
and also a second shaft—upon which the hoisting drum is keyed— 
for manipulating the pulley blocks from w^iich the drill rods are 
suspended. When the rotary is running, the drum lies idle on the, 
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second shaft, but it is controlled by a powerful brake and can be 
thrown into action by a clutch placed immediately below the 
steam regulation wheel, and handy for control by the operator. 

The modern drawworks are very strong, and mounted upon 
steel girder section framework that ensures rigidity. A heavy 
travelling block suspended from the ca.sing pulleys in the derrick . 
crown supports the drill stem, the wire casing line being attached 
to the hoisting drum at one end, and the shackle of the travelling 
block at the other. A strong hydraulic swivel head attachment 
with fle.xible hose connections from circulating pumps, and with 
powerful supporting hook, is slung from the travelling pulley block, 
enabling a flush to be maintained through the drill rods whilst 
rotating and descending. 

On later designs several improvements have been introduced. 
A .square or octagonal hollow stem is used as ll'.c upper length of 
drill pipe, thus saving the tubes which always beo me badly scored 
and damaged by the grip ring.s. The positive action thus imparted 
to the drill rods is not without its dangers, as the old roller and 
grip device really acted as a safety appliance, tlie drill rods resisting 
torsion if a heav)' strain were applied, and the tul)cs simply became 
badly scored by the slipping rollers. A belt, or clutch, or .some¬ 
thing .should be introduced to throw the tabic (JUt of gear if the 
bit is gripped. 

A special length of drill rod is provided for .ittaching to 
the rotary swivel, and passing through the rotary grip ring.s. This 
joint is 24 ft. long, instead of the usual 20 ft., and is constructed 
of J-in. thick metal. The advantage of this joint is that when 
the operator has drilled down to the swivel, and wants to insert 
another length, he pulls the 24-ft. drill rod, and suspends the 
column of drill pipe on the slide tongs by the collar of the first 
20-ft. joint. At this .stage the bit is 24 ft. above the bottom of the 
hole. He next stands the drill joint and swivel up in the derrick 
while he attaches the next 20-ft. joint to the column resting on the 
slide tongs. When this connection is matl^ the column is lifted up 
by the elevators on the collar of the new slide tongS- 

'.removed from the lower collar, and the whole column' lowered 
20 ft., when the elevators again rest on the sj’ide tongs. The bit Is 
.now 4 ft up from bottom. The 24-ft. drilf rod and swivel are 
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I'ig. () 7 .—Mydraulii Kolary Tabic and Hydraulic Swivel, 
showing a lilow out Preventer beneath Table. 


then attached, ifter which the column is again picked up by the 
swivel and the colla^ lowered below the rotary table. The grip 
rings are then set t^p to the drill rod, the pump started, and as 



soon as a thorough circulation of mud is obtained the pinioi 
clutch is thrown in and drilling started. The advantage of th 
extra 4 ft. on the drill joint is to enable the operator to drill th 
new length down without Mopping: if it were only 20 ft., h 
wou\i to ^top tototy and open the grip rings to allot 

■tAe collar to pn.s.s through the rings. 

On one new plant double hnihcs were introdiiccd acting singl) 
or jointly, and two g^e.-irs u ere providefl for varying speei/.s. 

Two duplex pumps of a capacity of about 200 gal,-., per 
minute at 150-200 ibs. pressure per .square inch are securely 
bolted to the floor at one side of the derrick or on a small outside 
platform. The delivery mains are equipped with valves so that 
either pump at will can be made to deliver into the drill stem, and 
so maintain circulation in the event of one |)uin|) bieaking down. 
In order to reduce the quantity of flexible hose uniting the jiump 
with the Ip'draulic swivel, the delivery pipe is led about 20 ft. up 
the derrick. When negotiating particularly soft material it is good 
practice to extend the length of both the delivery pi|)es from the 
pumps and the hose connecting to the swivel, thereby enabling the 
driller to insert two joints of drill stem instead of one, and so 
reduce the length of time occupied in making connections by 50 
per cent. New joints about to be inserted must he connected on 
the ground, and the swivel attached ready for hauling and insertion 
before the circulatirfu is .sto[)[)cd preparator)^ to breaking the joint. 

The introduction of an improved mud pump is much needed. 
The plungers and valves become cut up in a surprisingly short 
time, necessitating constant repairs, and making it essential to have 
a large number of spare valves and cylinder liners always on hand 
if delays are to be avoided. 

Derricks u.sed for rotary drilling have been increased to a 
height of 100 and even 120 ft. to enable the withdrawal of drill 
pipe in lengths of 60-80 ft. when replacing a hit or withdrawing 
the pipe for any purpose. 

The drill stem consists of .special heavy Iran tubing with coarse 
tapered threads to withstand frequent unscrewing and facilitate 
rapidity of manipulation. Sometimes square-tnreaded rods are 
'used, and in modern plants for deep drillijjig it has become tfae 
custom to have every third or fourth joint a iv)rmai tool joint with 
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* taper threads for screwing up. This kind of joint is more easily 
broken and made up and stands considerably more wear. 

Rotary flu.sh drilling bits are generally of the fish-tail type with 
the wings set off slightly to pre.sent a cutting edge to the body 
against which they are pressed, The fliushing fluid emerges in jets 
' at a high velocity from two holes placed just above the wings and 
strikes vertically downwards towards the cutting edge. Some 
designs of bits have three or four wings, thus obliterating the fi.sh- 
tail character, but facilitating the formation of a round hole where 
.side boulders or unequally hard strata tend to produce a flattened 
hole. 

A good practice is to have an emergency pit of very heavy 
mud ready connected up to the pumps, then, if the well comes in 
with a big gas pressure, a blow-out preventer (described hereafter) 
will hold it under control while the light circulating fluid is being 
replaced by the heavier mud from the reserve pit. The blow-out 
preventer may then he released and casing inserted, after which the 
heavy mud is washe<l out and the water bailed out. '['he well then 
comes in without trouble, 

No special precautions are usually taken to prepare a mud 
mixture, the importance of which is often greatly overrated. In 
most cases the circulating fluid k'^cps the finer material in sus¬ 
pension, and this constitutes the solution u.sed for drilling. The 
sump from which the pumps draw their water or circulating mud 
is kept fairly clean by lending the return fluid along a nearly 
horizontal channel or duct in which heavier .sediment may settle 
before being allowed to enter the sump hole. The heavy mud is 
periodically removed from the bottom of the ditch. 

The operation of a rotary calls for no special skill. As the 
drill clears itself it is allowed to descend by relaxing the brake 
on the hoi.sting drum. The attachment of a new joint must be 
hastily made when the pump is shut off for a few minutes, and 
sometimes it may be necessary to violently jerk the rods a few 
times to unclog the jet holes and restart circulation. If the pump 
fails through any cause during operation tjj^' rods are rai.sed a 
few feet, the other pump started up and circulation restarted. 

Modern practice has called for the emplqf/ment of heavier and 
larger drill rods, and 0-in. heavy tubing weighing 29 lbs. per foot 
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IS now commonly used, fiesides imparting greater torsional 
strength for transmission of power they reduce the annular space 
between the well sides and drill rods, thus increasing the velocity 
of the circulating fluid. Friction naturally fixes limitations to the 
reduction of area, but it is obvious that the higher the velocity of 
the liquid the sooner will particles of dislodged material reach 
the surface. 

Two important but little appreciated factors in flush drilling, 
bearing on successful work, arc worthy of attention.’ Firstly, it is 
a mistake to continue circulation of mud when not rotating, and 
the hit is off the bottom, for there is a tendency in soft strata to 
form a flat hole through the jets impinging at two spots on 
opposite sides of the drill. .Secondly, the drill stem, when left 
stationary, certainly leans against the wall of the well at place.s, 
thereby deflecting the circulating mud to the oi)posite side, and 
tending to enlarge the hole at those points. 

I’orous sand and gravel saturated with water can often be 
pierced with the rotary when all other methods have failed. A 
thick mud is prepared by [juddling clay, and continuous pumping 
gradually “ muds u[) ” the stratum, and usually enables the trouble¬ 
some bed to be passed. .Sometimes the whole of the circulating 
fluid is absorbed for days before the sand nr gravel is rendered 
impermeable and circulation established. 

Puddling machines are sometimes employed for preparing a 
thick clay mixture where drilling furnishes insufficient clay to 
produce a s.'itisfactory one. /\ clay free from sand must be selected, 
when a mixture will be introduced that will scarcely settle if left 
quite undisturbed. 

The universal u.se of the rotary is not imminent yet, notwith¬ 
standing its extended use. The process as at present evolved 
does not readily admit of under-reaming, and sharp sandy seams 
only a few feet thick wear away the drill in a short time, neces¬ 
sitating its removal for dressing. 

Under-reaming can ,bc effected by a newly invented bit known 
as the Donald Exce^tric Flush Fit, which is mercl)’ an adaptation 
of the eccentric drill to rotary work. If this proves ap]) 1 icabtc to 

’ See niscussion on*“Tlie Use of Mud-lailcn W.iter in Drilling Wells.” 
I. N. Knappe, Amer. In?t. Min. Knp., February 1915. 
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all kinds of ground a great advance will have been made in 
rotary drilling. This is seen in Fig. 6g. 

The simplest and mo.st popular method of rotary flush drilling 
is to drill with a bit slightly larger than the collars of the casing 
it is intended to subsequently insert, and continue in an open 
hole till caving or heaving prevents further progress. Casing is 
then introduced and,' if necessary, washed down to its .seating,' 
after which drilling proceeds with a bit which will freely pass 
through the casing. 

This method can only be adopted where the strata hold up 
well for long distances and no water sources have to be excluded. 
When caving is prevalent it is ncces.sary to let the casing follow 
near the bit, and under such circumstances it is apparent that a 
single hard stratum would check its further descent. Under- 
reamers have been used for passing bands of hard rock, lint they 
are not favoured by rotary drillers and there are no really 
satisfactory types on the market. 

Where no hard beds are known to exist the casing can be 
provided with a fish-tail bit and employed as a drill stem. Unless 
the column can be safely removed and the bit replaced by an 
ordinary shoe it is then necessary to drive away the bit, or blow it 
off with some explosive, before a reduced column of tubes can be 
lowered, or drilling can be continued. Such work is risky in all but 
extremely favourable beds, as damage to the bit entails the entire 
withdrawal of the lining tubes. 

One of the chief reasons for the restricted application of rotary 
drilling has been the difficulty of piercing hard bands, often 
inclined at an angle, which easily deflect the drill from the vertical. 
The Sharp & Hughes cone bit was the first, and is, perhaps, 
the most succe.ssful of a class made to overcome this trouble. 
Whilst having its limitations, it does enable rocks to be perforated 
which resi.st the action of fish-tail and_ similar chi.sel-shaped bits. 

The principle on which the.se drills is based is one whereby 
the rock is crushed rather than cut away. One of these bit.s is 
designed with two cones pivoted on pins.^arried in a strong 
wrought-iron or steel framework. The apices of these two cones, 
almost meet at the centre of the hole, thu.sfby rotating the tool 
the cones rotate on their own axes due to *the friction between' 



(Under-reaming 
Kxccntric Kiusli. 
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them and the bottom of the hole. In order to obtain a crushing 
effect the surface of the cone is grooved both vertically and 
laterally, thus forming a number of .short blunt points which break 
the cohesion of the rock under great pressure, causing it to crumble 
away. Special arrangements are made for lubricating the pins 
which form the axes of the cones, and also to prevent the tool 
becoming clogged by the flushing fluid, or by the debris caused 
by the cru.shcd rock. 

A newer type which first attracted notice in California and has 
come quickly to the front is the rotary “disc bit.” In place of 
the cones, previously mentioned, tempered steel or chilled cast-iron 
discs arc employed, the cutting edge being tapered off to an edge 
or dished to pre.sent a cutting edge to the stratum in which it is 
pressed. These discs rotate freely on pins attached to the body of 
the tool, and in order to obtain the cutting or crushing effect the 
pins carrying the discs arc fitted one on cither side of the centre - 
instead of radially, by means of which the whole (T the bottom of 
the hole is operated upon by the cutting edges of the discs. 
Progress is of necessity slow compared with the .speeds obtained 
when negotiating softer strata, and the wear and tear on the tools 
is very heavy. The lengthy and expensive nature of repairs to 
bits is drawing attention to the feasibility of using chilled cast iron 
for their construction, so that a worn-out oit may he discarded 
and replaced by a new one. 

P'ishing tools must be jirovided with rotary jilants. The nature 
of the process restricts the class of accidents to a few for which 
provision is simple and inexpensive. By far the most common 
accident is a broken or stripped drill stem, known to drillers as a 
twist off, which can be recovered by lowering either an “overshot” 
or a “spear”-, the former taking an outside grip, the latter an 
inside grip of the tubing. 

The “overshot” is simply a length of tubing provided with a 
bell guide which will freely pass over the drill stem, and fitted with 
spring clips that will catch beneath thp first collar they pass. . If 
desired it can be designed to grip the hijjing at any point when 
raised or jarred upwards, and this latter type can be sp designed . 
’ with a hinged dog that it can be relca.sed by gulling and hard jarring 
if the tubing fails to respond to reasonable application of force. . 
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Rotary fishing spears may be of a very simple design if.the 
drill rods are quite free, but if they are gripped by accumulated 
detritus, spears of the ordinary type used for casing are employed, 
with internal hollow spindle through which the flushing can be 
continued during the process of lowering on drill pipes and 
setting. 

Another useful type of fi.shing tool is the die and tap, which 
can be lowered with guides to screw a thread either internally or 
externally on stripped rod ends or sockets, or even fractured ends 
of tubing. 

Tool joints for rotary drill pipe are often internally screwed 
on the female end, especially when used in holes where there is a 
narrow margin between the outside diameter of drill pipe collars 
and the casing or bore hole. This enables the simple, rajiid, and 
firm attachment of flii.sh pipes if a drill rod breaks, and the re- 
e.stablishment of a circulation of mud if necessary. 

The lo.ss of a steel bit of the short type is often a matter of 
concern, as its pu.sition prevent.s its capture by fishing tools. In 
soft ground bits can be driven aside hy percu.ssion drills or even 
other strong flat bits, but if this is impo.ssible cement should be 
inserted after washing the well clean, and the lost bit can then be 
cut out by a chilled shot rotary cutter. Rotary drillers are now 
favouring bits several feet long, or bits with long drill collars, so 
that in case of loss they stand up vertically and can be more 
easily recovered. The disadvantage of a long fish-tail bit is 
that the jets of fluid arc too far from the cutting edges of 
the bit. 

An apparatus which is largely employed with rotaries is what 
is called a Blow-ont BrevouhT." These are ma.ssive cast-iron 
fittings, attached to the last column of casing inserted, which 
enable adjustable iron slips that encircle the casing to be closed 
tightly around the drill stem, in case the well commences to flow 
whilst drilling is in progress. When closed the oil, gas, and 
circulating water discharge from a side orifice that can be con¬ 
trolled by a valve, a.nd can be led through piping to a point 
di.stant from the well whilst the oil sand is being drilled 
into. The full specification of a rotary outfit is as follows ;— 
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Specification of 20-iN. Rotary Drilling Rig and 
Accessories for 2,000 Feet Holes. 

IJOILEK. 

I Steam boiler capable of evaporating with ease 2,5rx) lbs. of steam per hour at 
100 lbs. pressure with fuel found in the disiiict, fitted with feed pump, 
injector, and spares. 


Knc.ink. 

I II X 13 -in. 25 H.V. oil-well drilling engine, fitted with sprocket wheel, special 
50-in. balance wheel, and i extra rini. No pump or healer required. 
British standard screwinj^ steam and eNhaust. 

I Plate and tie bolts for engine. 


I Derrick, io6 ft. high. 


D KRRICK. 


M tCHIN'K. 

I 20-in. rotary, complete with wienches. 

1 Extra heavy pattern lioisting drum, coTiqjlete with shall, clutch sniockcl 
wheel, drum clutch, drum lever, bearing boxes, collars and set screw's, 
drum brake and brake lever, w’ood-lined brake bands. 

1 Extra heavy pattern line shaft, comjilcte with engine .sjirocket wheel, lolary 

sprocket wheel, drum sprocket wheel, bearing boxes, collars and set 
screws, two cat-hcad.s, and filled for thrce-))osl outfit. 

2 E.xtra heavy extra steel posts, with all necessary bolts and irons for setting 

up drum and line shaft (fitted to derrick;. 

3 3X 13 -in. 34-ft. head lioards. 

SWJVKLS. 

2 4-in. improved loose bail hydraulic swi'^els, conii>Ieie with spanner wrenches. 
Connection to 6-m. drill stem. 

3 Pieces of 2A-in. six-ply rotary drilling hose, each piece 30 ft. long. Hose to 

be of special quality, and armoured both inside and outside. 

2 Sets of 2i-in. rotary hose clamps and couplings (4 nozzles and 4 clamps). 

I Piece I-in. four-ply derrick ho.se with couplings, 25 ft. long. 

Crown Block and IHjij.kys. 

5 Crown pulleys, 20 in. dia, fitted with sleel^shafl, and made for wire lines. 

I Heavy structuial steel, 8 in., 1 beam crown blocks, with closed bearings. 

I Extra heavy triple steel travelling block, 37-in. shell, bronze-bushed and self- 
lubricating. ' . 

I J-in. x8ooft. wire drilling line (patent flattened sS-^and). 

1 ^-in. X 2,500 ft. wire sand line. 

•I 5-in. double swivel hook. 

1 10 lb. S.R. hook for cat-head line. 

I Heavy 3j-in. strapped “C ” hook. 
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I li-in. strapped “C” hook, 

I Set fortfings, shafts, sprocket wheel, gear wheels, and bo.'ies for mud mixer. 

1 4 and 6 in. bailer top and bottom. 

2 4 and 6 in. back pressure valves. 

Necessary strainer. 

2 4 to 8 X lo-in. D.W. packers. 

I 4 to lox 13-in. „ 


Tongs .and Ei.KVA'iaiis. 

I Set of 4-in. slide tongs, extra heavy. 

I ,, 6-in. „ „ 

1 ,, lo-in. „ „ 

I „ 4-in. Mann Fair’s extra he.avy wrought iron elevators. 

’ » n „ „ „ 

1 )i lo-in. „ „ „ 

2 Pairs No. 12 Vuli'.in flat chain pipe tongs and 1 spare chain. 

“ ” ^ 3 l' '1 51 „ „ 

- 'I '4 11 11 „ „ 

“ 11 *5 11 1 ) „ „ 

1 Only Californian chain tongs, flat chain, 4-in,, 6-in., 8-in., lo-in. jaws. 


Dus-iing.s. 

2 6 X 4-in. forged steel pipe bushings. 

2 8 X 4-in. cast-steel pipe bushings. 

2 10 X 4-in. „ 

2 6§ X 4-in. „ „ 

1 6-in. forged steel drilling coupling, extra long, 

• 4 ''n. „ „ „ ]6 in. 

I fix Tin. „ „ „ ,4i„. 

I Manilla cat-head line, 1^ in. x 225 ft. 

6 J-in. wire rope clips. 

SPltOCKKT. 

80 ft. No. 103 J.D. malleable siirockct chain. 


Chains. 

30 ft. steel sprocket chain No. 2,060. 

10 ft. No. 2,480 chain. 

Dmi.l.s. 

3 i2-in. rotary drills, 6-in. shank, 

6 lo-in. „ 4-in. „ 

6 S-in, „ 4-in. „ 


Blow-out Prkvkntkr. 

1 Blow-out preventer, with 4 and 6 in. slijis for drill stem, and two sizes pipe 

flanges 10 ^ 8 in,, with 5-in. outlets. 

2 6-in. extra flanges. 

2 6-in. iron body gate vakes for closing overflow of preventer. 

4 Joints of 6-in. pipe for ^scharge. 

24 
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Drill Stem. 

2,000 ft. X 4-in. iron rotary drill stem, 15 lbs. per ft. All threads to be well 
protected. 

2,000 ft. X 6-in. iron rotary drill stem, 29 lbs. per ft. 



I’u.Mfs AND Connections. 

'2 iox6x 12-in. pumps. 

Full equipment of cnnnot lions f(jr same. 

Equipment f)f s])ares. 

Hanii Tools, I'OK U.se ok Drillers. 
Usual equipment per riq. 


Much ho.stilc critici.sm has been directed by oil operators towards 
rotary flush drilling. It is clear that in net/ territory, where the 
depths of oil sands or water-bearing formations arc unknown, its 
use may be attended by grave risk.s. It is exceedingly difficult to 
judge the importance of manifestari'ons of oil, and the author ha.s 
heard quite opposite views expre.ssed by two experienced drillers 
concernino- the indications in the same well. An oil sand washed 
by water is often white or grey, and displays no feature to attract 
attention, .so that unless oil films appear or gas is freely evolved 
with the circulating fluid the identity of the .sand is concealed, and 
an oil sand may be passed unobserved. 

Drillers engaged for years in a particular field can instinctively 
estimate the value of “ shows ” in that di.strict, but the application 
of this knowledge to a new area, wher^ conditions are quite 
different, would be very misleading. The .same arguments apply 
to an appreciation of the nature of the strata in which drilling, is 
prbceeding. Besides a knowledge of when hard and soft beds are 





371 


Dangers of Flush Drills 

being penetrated, the only available information is imparted by a 
few particles that reach the surface with the flushing mud. The 
thick mud disguises any change of colour, and the long interval 
elapsing before a heavy particle of detached rock reaches the 
surface, compared with a particle of clay or fine sand, makes it 
difficult to a.ssign to it a correct depth. In fact one naturally 
assumes that any hard fragments whicli collect in a receptacle 
placed beneath the return flush arc derived from the last hard seam 
noticed by the rate of progress. Information is, in fact, mainly 
confined to a knowledge of hard and soft beds, with perhaps 
supp'ementary data when sands or sand}’ shales are struck. 

Flush drilling is most successful in regions where the approxi¬ 
mate depths of the oil-bearing and water-impregnated beds are 
known. 

The following example, illustrative of the subject under con¬ 
sideration, taken from a paper by 1 . N. Knappe, will explain the 
danger of flush drilling;— 

“ One of the several visits I have made to the Texas oil-fields 
was in October igoi, and on that occasion I saw a well on the 
Hogg-.Swaync tract of Spindle Top that had been drilled into the 
known oil horizon by the hydraulic rotary method, but made no 
showing of oil, notwithstanding that within a radius of 250 ft. 
around it were a number of gushers, and the original pressure of 
Spindle Top wells had been reduced but little. After this well 
had been agitated and bailed for six day.s, it finally gushed and 
flowed a .solid 6-in. stream of oil until shut in. If this had been 
a prospect well in a new district, where the oil horizon had not 
been definitely located, there evidently would have been a strong 
possibility of pa.ssing the oil stratum without revealing its pro¬ 
ductive capacity.” 

Many European operators have strongly opposed the intro¬ 
duction of flush drilks, and stoutly affirm that oil sources have 
become flooded and productive wells injured in the neighbourhood 
of flush drilling. The advocates of flushing systems maintain that 
the ill-effects have been exaggerated, and declare that the success 
of the process depends upon the return of most of the flush water 
used. They also coAend that porous seams ran be “mudded” 
up, and emphatically deny the accusations of opponents. A 
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middle course should be steered. Petroleum producers cannot 
afford to neglect the claims of a drill which will often accelerate 
the drilling rate by several hundred per cent. If the necessity of, 
excluding water at known points is appreciated, and wells are sunk 
sufficiently far from development to avoid the possibility of water 
entering and flooding partially exhausted oil sands, flush drilling 
can be safely employed. It would be folly to drill with mud 
amidst a group of wells drawing from a succession of oil sands, 
as the water would certainly find its way to points of abstraction, 
but in undisturbed ground, where the porous beds are all saturated 
with water or oil and can admit no more fluid, there is little danger. 

Fauck “ Rapid ” System.—Percussion and hydraulic drilling 
principles are combined in the Fauck system, which has been 
employed with some success in the Carpathian oil-fields. Unique 
features are introduced in the rapid delivery of a succession of 
short-stroke blows by means of an eccentric, instead of the'’ 
customary walking beams. Mechanical features of the plant have 
been carefully worked out to resist the vibration naturally 
occasioned by blows at a rate of 100-150 per minute, the stroke, 
however, being not more than 3-6 in. 

The chain from which the drilling tools are suspended over the 
mouth of the well is led over a scries of pulleys to a drum, from 
which it can be fed out by worm gearing, but in its course it 
partially encircles the eccentric, which imparts to it the movement 
that is transmitted to the tools, P'rom the main driving .shaft, 
motion is conveyed to a .second shaft, to which a drum is affixed 
for bailing or other purposes, povrerful side brakes providing 
means of control. The hoisting drum can be brought into action 
by a jockey pulley that engages with a belt running loosely on 
flanged pulleys keyed to and constituting part of the drums. 

Ordinary ground is negotiated by means of short, chisel-shaped 
bits, through which a jet of water 15 expelled through the solid 
drawn boring rods that extend to the surface. At other times the 
return flush is put in operation, whereby'water or mud is delivered 
into the bore hole outside the drill rdO?;, and returned to the 
surface through the interior of the rods. This procedure is 
effected by the attachment of a special casing head and the employ¬ 
ment of. annular cutters. Simultaneously with the reciprocating 
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movement, the tools are turned by hand, and this being permitted 
by the introduction of a polished hollow rod that passes freely in a 
packed gland at the surface, small cores of strata are raised by 
the rapidly ascending water in the drill rods, and ejected, when 
the formation is sufficiently hard to resist complete disintegration. 

A diminished number of blows per unit of time may be 
accompanied by a corre.sponding increased length of stroke, the 
extent of .such variation being decided by working conditions. 



Fig. 70.—Fauck “Rapid" Rig. 
(Diagrammatic rcjircsenlalion.) 


In practice the speed has not warranted an extended applica¬ 
tion of the hauck “Rapid” system, the rate of drilling in some 
Roumanian fields about equalling that of other and less com¬ 
plicated .systems. 

This system may also be employed without a flush, when the 
length of stroke is increased, with a corresponding decrease in 
the number of blows. 

Fishing Operation's and Appliances. — The recovery from 
bore holes of loh tools often demands great skill both in the design 
of suitable appliances^and in their manipulation. Accidents may 
be divided into two tflasses, viz.:— 
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(а) Those due to a simple fracture or severance of the rods, 
rope, or some part of the string of tools where there are no 
contributory difficulties. 

( б ) Tho.se where complications ensue, such as are occasioned 
by the falling of the whole or part of the tools when being 

lowered or rai.sed, collapses of 
casing, or inrush of sand or 
debris on the tools before they 
can be raised. 

The former class of acci¬ 
dents are usually not difficult 
to deal with, the latter may 
entail weeks, months, or even 
years of tedious, patient work, 
especiaUy when the lost ob¬ 
ject is reclining in an inclined 
position in soft ground be¬ 
neath th.e shoe of the lining 
tubes, as in Fig. 71. 

There are two distinct 
types of fishing tools ; those 
lowered and operated by a 
rope, and those lowered and 
manipulated by a string of 
heavy tubes or rods. Rope 
fishing tools rely upon the 
u.se of long-stroke jars for 
releasing objects that resist 
withdrawal. Rod tools en¬ 
able force to be applied by 
jacks as well as jars if 
necessary, and also other positive motions to be applied. 

American percussion drillers fav 5 i;.r or cling to the rope tools, 
whilst British and European operatorsj, prefer the more positive 
methods of fishing with fishing rods or tJjjjcs. 

Fi.shing tools may also be subdivided into tho.'tL which can be 
Released at will after a grip has been established, and those whicji 
cannot be made to relinquish their hold after* attachment to a Ig^ 



Fig. 71.—Lost Hit. 

Shows how rucovery is complicated when 
ihe bit is driven to one side beneath 
the casing. 



Simple Fishing Tools 


Fishing Hook. 


Taper Screw 
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object. The use of the latter, it will be understood, may often be 
attended with grave risk. 

■ Fractured or unscrewed boring rods may be recovered by one 
if the tools shown in Fig. 72. Provision is usually made on 
tools of this type for a bonnet which will fit 
the casing and en.s'irc its pass,age over the end 
of the lost object. 

When the rods or tools h. ' ,■ sustained dam¬ 
age, or for some other rea.sc, iheir release is 
likely to be difficult, a more c'cntific toi l is 
used, such as a slip socket. 

Fig. 72, F., shows an incN,. I'sive, popular 
American type of slip socket lor use with a 
cable. The slijis are kept e.xtcilded by .1 strip 
of wood whilst lowering, Whicn the bowl jiasses 
over the object to be caught the vajoii is knocked 
away and the slips fall into the t.aper slots pro¬ 
vided for their reception, am! grip the encircled 
tool. A few upward taps with the jars produce 
a firm hold, after which the rope may be at¬ 
tached to the beam and repeated blows adminis¬ 
tered till the instrument is freed. By jarring 
downwards the hold may be relaxed and the 
t6ol possibly freed, but there is some uncertainty 
about this. 

Another variety of American slip socket is 
shown in Fig. 72, F and G. In this the slips 
must be prepared to closely approximate in size 
the lost object, as its latitude is small. A bowl 
is attached, if necessary, to guide the socket over 
the lost tool, which forces up the slips against 
a spring until it enters. On applying tension to the rope a hold 
is established that increases with the p& ver applied. 

An American tool of ingenious de.sVpi, suitable for recovering 
broken round drilling rods, is shown in'^ig. 73, where steel balls 
•travelling in tapered-milled passages grip any object which is thrust 
between them on the fishing tool being raisec). 

All the above tools lack means of releasing^ the grip of an object 



Fig. 73 . 

Ball Slip .Socket. 
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Slip Sockets 

if it fails to respond to the application of power. A fine slip socket 
representing one of a type of Russian design, which possesses all 
the advantages of those described, but can be released at will, is 




Slips released Slips loivered Slips raised fep 
by object to to grip object, withdrawal of 
bensned tool Porresettlng. 


Fig. 74.—Russian Slip Socket. 

(Type th.'it ran be released.) 

Oil loweiing in.strunient upon lost 
object, liic internal spindle is pushed 
iipAvnids as far as permitted by the 
li^dit hand e<atch (rr) thereby releasing 
llu; siinnf, catch on the left which 
allows the slips to fall (/') into the cone 
and grip the lost object between them. 
To release hold of object, if it cannot 
be raised, the tool is jarred downwards, 
forcing the spindle and catches to 
position (0 where their lower ex¬ 
tremities lodge in a rec es.s and support 
the slijxs out of contact wiili the lost 
object. 


shown in Fig. 74. It is usually used on fishing poles, thus enabling 
great power to be applied. 

Fig. 75 illustrates a .f.;t of fishing tongs designed to extract 
small lost objects. 

Cable tools which have become jammed to such an extent that 
ordinary jarring will not effect their release must be disconnected 
from the cable befori fishing tools can be used. Cables are severed 
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just above the rope socket by a knife. The tool slides over the 
taut rope as it is lowered on a light string of rods or a rope with 
jars. On striking the tools the knife blade trips, thereby bringing 
the edge against the rope on drawing upwards, after which jarring 
is continued till the rope parts. 

Broken or dropped cables arc recovered by rope grabs or 
spears, such as tho.se shown in Fig. 76, lowered on rope or rods 



Fishing Tongs for Raising Fig. 76.-- Rope .Spears and Grabs. 

Small Lost Objects. 

with or without jars. The tangled rope becomes entwined with 
the prongs of the fork falling or drivcilN.nto the mass, when the rope 
and tools may be raised. If the tools \iave been dropped in the 
hole, or the breakage of the rope has bd^^n due to the sticking of 
the tools, it may be impossible to withdraw the teols even by 
jarring. Under such circumstances it is usual to continue jarring 
until the rope breaks. If this occurs above Vhe junction with tte 
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tool the operation is repeated, but the weakest spot is usually at 
the socket, where the rope has sustained most damage through 
buckling. 

Bailers lost through the breakage of the sand line or sticking of 
the bailer may be treated in the same way, but bailers may often 
be released without cutting the line, by lowering on light rods such 
a tool as Fig. 77, C, and then jarring or jacking up. 



A 1! c 

77 .—Fishing Tools. 

Drive Down .Socket for taking Sand I’uinp 

Socket. Fricl'on Hold Grab, 

of Lost Objects. 

Another effective American tool which will recover light bailers 
from which the hook hal, been dragged is the Mandrel or Bell 
socket (Fig. 72, H). 

^The outer tapered pji'ce slides freely on the upper part of the 
central mandrel. When lowering, if necessary with a bell guide to 
direct it in upon the bailer, the taper socket rests on the collar, but 
on reaching the object the socket slides up the mandrel and can 
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then be driven over the casing by blows from the collar. When 
the bailer top is driven well inside the taper piece the tool is raised 
and the enlarged part of the mandrel jambs the bailer between 
itself and the taper piece. 

Specially difficult cases of lost tools in a confined space are 
occasionally overcome by lowering on rods, or tubing, milling 
cutter.s, or drills, and rotating from the surface to remove a burr, 
cut an end, or drill a hole which could be screwed or tapped and 
a firm hold taken on which to apply power. 

A special .screw jack, with ball-bearings and hallow screw for 
delicately feeding the tool whilst being 
rotated by a pulley, is manufactured for 
this purpose. 

Many of the worst fi.shing .scrapes occu r 

when the tools are lost in an unliu 'd hol e 

of soft strata. The lost part in su \cascjs 

is rarely left standing vertically, ai laftrir 

the fracture or unscrewing of a joint |! uii- 

afifcctcd part of the string of tools ma^ trike 

the detached part many times, ane 'ause 

damage, or drive it aside before th ig is 

brought to a standstill. When doul tists 

as to the true state of affairs in t well. 
Fig. 78.—Impression . . , , , . . , 

' an impre.ssion block is sometimes ered 

to ascertain the position of the h ools. 
Impression blocks (Fig. 78) consist of wooden blocks moj d on 
a body suitable for lowering on rods or ropes into the ^ Its 
lower flat or circular face, as the case may be, is covcrel nth a 
thick layer of some plastic material that will receive a retain 
an impression, the material being lield to the wood by .ils and 
wiring. 

An exceedingly ingenious device for photographing l^st objects 
was invented by a Russian cugineer.X Carefully fitted/ inside an 
hermetically scaled cylinder is a clockwferk arrangemeiit that, at a 
prearranged time, allows the discharge W compressed! air into a 
- hood below the apparatus that encircles or covers tl'rC''lost object, . 
' then simultaneously switches on an electric light and opens the 
shutter of a stereoscopic camera. After a prtilongcd ejxposure the 
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instrument is raised and the plate developed. The apparatus is in 
reality more ingenious than u.seful, as objects rarely recline in a 
position that admits of photographing. 

If the top of the lost tool be found to be lying to one side of 
the hole and in such a position that no tool could encircle it, efforts 
must be made to force it into a vertical position by 
.suitably constructed hooks, see Fig. 72, C. I n cases where 
the tool will not retain its vertical position a few balls 
of clay dropped around may give the necessary support 
whilst fishing tools are being lowered. Where cavings 
may have collected round the bit a long side spud 
(Fig. 79) may effect relea.se, or if sand is the cause a 
column of small tubes may be lowered and the sand be 
washed away by a irowerful water flush. In extreme 
ca.ses a column of tubes with serrated shoe and water 
flush may be rotated sufficiently over the lost tools to 
reduce resistance to a negligible or at least practicable 
amount. Inrushes of sand or clay sometimes firmly 
embed the string of tools in the cau'ng. and where 
the casing is of small diameter there is little chance 
of washing or spudding free. The casing can in such 
cases often be raised entire with the embedded tools. 

Fishing tools arc frequently lost, and a .second string 
occupied in effecting their recovery may also be lost. 

If, however, the recovery of the tools by fishing appears 
hopele.ss, it is usual to abandon the hole and withdraw 
as much casing as possible. In some cases it has been 
possible to wash the well free of clay and then ])ump 
in cement grout which encases the lost tool. Diamond 
or chilled shot drilling can then be used for extracting 
a core complete, in which the lost tools will be found, 
often lying diagonally across,the core. 

The apparatus needed f ir chilled shot drilling is not expensive 
or difficult to rig up in the e ent of an emergency. A drill crown 
can be constructed from a piece of heavy casing in which a slot or 
slots are chtj as in Fig. 80. This is attached to a length of casing 
to act as a core barr|;l, and the whole is coupled to a column of 
tubing or hollow roefs that can be rotated at the surface by any 
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simple device. Steel grit is introduced into the flush water through 
a double cock, and this finds its way beneath the boring crown and 
grinds an annular space, the eroded material rising around the 
crown with the flushing water whilst the core mounts in the barrel. 
The core is broken and raised in the crown and barrel by pumping 
down .some coarse material, as broken brick, which jams round the 
core and causes its separation when the tubes are raised. 

Chilled shot and steel grit are produced by a secret process 
whereby a special mixture of cast-iron .scrap and 
c.ast steel is allowed, in a molten state, to strike 
a jet of steam or compressed air that breaks up the 
falling mass as it falls into water. 

Lost bailers are frequently chopped up instead 
of wasting much time on their extraction. Pieces 
of rock are thrown into the well, and drilling is 
proceeded with in the ordinary way by a somewhat 
sharper bit. The fragments of iron are raided in 
sand pumps with the other debris. A lost bit 
may be driven aside in very soft ground and 
passed without inconvenience, and the writer has 
known as much as 200 ft. of 8-in. casing driven 
aside in a soft stratum with little difficulty. 

Occasionally detached objects absolutely dis¬ 
appear in a soft formation and are quite lost. The 
author can recall one instance where all traces of 
a fallen 20-in. casing spear were lost in an oil sand, 
although the well was subsequently deepened to 
another source. Cases are on record where seized 
tools have been fiercely ejected from the well during 
a flow of oil. Fig. 81 shows the state of a string of tubes expelled 
by gas and sand from a well where they were being employed to 
wash out an accumulated sand plug. In the Russian oil-fields 
heavy tools and 1,000 or more feet oil i^-in. iron rods have been 
ejected in the same way, the rods coilinau.bout the derrick in inde¬ 
scribable confusion. 

Fishing Poles or Rods .—In regions where deep, exp&sive wells 
are the rule rather than the exception laige operators provide 
themselves with fishing rods. The Russian type consists of frbm 



Fig. 80. 
Chillea Shot 
Crown. 
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Fishing Poles 

2-4 in, diameter iron rods with parallel threading at one end 
and a collar at the other, a loose socket acting as coupling. A 
machined rib on the extremity of the .screwed end fits into a cor- 



Fi};. Ki. - Sti iiif; of W.'isli Tubes E'c|jelleil by tCriiption of 
f)il, (b'ls, and Sand iiirniH (deaninn Operations of a 
I’lugged Oil Wei' 

■esponding slot cut in the collared end, thus enabling the rods when 
:onnected to be rotated in either direction without un.screwing. 

To secure a maximum of torsional strength with a minimum of 
veight as well as to fuAiish means for Hushing the well if advisable. 
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heavy solid drawn tubing is now being used for fishing rods, joints 
similar to those described above being used. 

For positive acting fishing tools the above rods cannot be 

surpa.s.sed, and they constitute 
part of the customary equipment 
, of modern drilling contractors 
and large drilling companies. 
In America, for the more diffi¬ 
cult fi.shing operations, special 
tools are lowered on a string of 
casing or drive pipe, but the 
advantages of rods over this 
latter practice are obvious. 
Heavy solid drawn tubes 
^ with long left-handed threads 

O 

^ are used for fishing in the 
, S Roumanian oil-fields. The re- 

•O . _ 

^ sistance of a lon^ thread is sum- 
^ dent to ensure a grip being 
■S taken on lost objects, but the 
^ left-hand threads allow the tools 
M to be released without the 
5^“ danger of un.screwing if the tool 
cannot be moved. 

Portable Drills.—The ex¬ 
pense of dismantling and re- 
erecting a derrick and rig at 
each well site has long been a 
source of concern amongst opera- 
tirrs where wells can be com¬ 
pleted in a week or two, and 
more lime is occupied in trans¬ 
portation and re-erection of rig 
than in the drilling. When drill¬ 
ing occupies one or two years, as in Russia, Galicia, and parts of 
Roumania, the derrick is converted into a workshOj^. windows 
being fitted, heating appliances installed for^winter, and everything 
comfortably arranged, '■ 
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Much ingenuity has been displayed in the design of portable 
rigs capable of drilling from 500-2,000 ft. in average ground. 
In attempts to replace the heavy wooden structures by light iron 
framing, the part played by (lexiblc material has been well dis¬ 
closed ; nevertheless, e.xceedingly .serviceable drills mounted on 
wheels have been produced, and they have been extensively used 
in certain countries where the drilling is simple, little and light 
casing is required, and the contours of the ground are easy. It 
is, however, rarely that they will accomplish the claims of manu¬ 
facturers without serious deterioration, and such should never be 
attempted in practice. Portable boilers are usually provided 
separately, on account of the great additional weight of the 
boiler and the danger attending its proximity to the well. 

Two portable drills, the “ Star” and “ Columbia,” have attracted 
.special notice in America, and found extended employment in 
many of the shallow, easy-drilling territories of that country. The 
“.Star” is exceedingly simple and partakes of modified designs 
for various sizes. Size 28, catalogued for 3,000 ft,, is a represen¬ 
tative type. A strong timber frameworic carrying the engine and 
gear is mounted on wheels with 8-in. tread. The vertical engine 
of about 26 H.P. is fitted with a pulley (A) through which power 
is conveyed to the band wheel (li) by means of a l6-in. belt. 
Attacheil to the shaft (c) which carries the band wheel, and at 
the opposite end, is an overhanging crank (nj tfV which is connected 
the pitman or connecting rod (e) for putting into motion the 
walking beam (k), from the extreme end of which are suspended 
the rope and drilling tools. The bull wheel or main rope drum 
(G) is fitted with a spur wheel which engages with a sliding pinion 
mounted on countershaft (ll), to the other end of which is fitted 
a friction pulley (l) that can be drawn against the periphery of the 
band wheel. 

The sand reel (j), carrying the bailing line, is operated by 
means of a friction pulley brought into contact with the inner 
periphery of the band wheel. The calf wheel or casing line drum 
(k), which should be provided for handling casing, is mounted on 
'the band y Ifeel shaft and is put in and out of gear by a clutch. 
Spudding gear, by mejns of which a reciprocating motion is given 

25 
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The framework is of timber. 
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to the tools when the well is started, and before sufficient depth 
is drilled to enable the walking beam to be operated, is actuated 
by the overhanging crank (n), A slotted lever carrying a sliding 
block into which the crank-pin is fitted, conveys a reciprocating 
movement to the shaft (L), to one end of which it is connected. 
Mounted on this .shaft is a rocking lever carrying a grooved pulley 
(m) over which the bull rope from which the drilling tools are 
suspended is passed on its way from the bull wheel (<;) to the top 
of the derrick or mast. 

Movement of the shaft (I.) causes alternative tightening and 
slackening of the rope, thus raising and more rapidly lowering 
the tools, cau.sing them to penetrate the soil. The monkey or stem 
for driving drive pipe may be operated in this way. 

All the drums are fitted with brakes which are controlled, 
together with all operating levers at the front of the machine. 
Where the hole has to be lined with casing i! is customary to* 
employ a derrick, but if the ejuantity is small and no great strains 
are exerted, a mast may be substituted. 

The “Columbia" portable drill differs from the “ Star,” in that it 
is constructed wholly of iron and steel. The steam engine of size 
No. 10 catalogued for 2,000 ft., which is selected as an illustration, 
is of the horizontal type, about 20 11.F. It is mounted on the 
steel H-section framework and is fitted with a pulley (a), 14-in. 
face from which, by means of a belt drive, [xjwer is conveyed to 
the band wheel (li). The band wheel is mounted inside the 
frame and is fitted to a shaft (c) with two overhanging cranks 
(u), which engage with connecting rods (k) to operate the 
walking beam ( 1 ')- Unlike the “ Star ” machine the walking 
beam is constructed of two parallel built-up steel girders (f) 
mounted on standards or sampson posts ((;) attached one on either 
side of the framework of the machine. 

The main engine shaft (II) carrying the engine pulley (a) runs 
in bearings on either side of the framework, and is fitted with a 
sliding pinion with three positions: the first engages the bull’ 
wheel (l), the central position is neutral, and the third engages 
with the back shaft (J). The sand reel (K) is operates; by friction' 
from the back shaft (]). ^ 

Spudding is effected by conveying the rope from the SuH 
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wheel (l) over a pulley (m) attached to the upper side of the 
walking beam and thence over a second pulley (n) to the derrick. 
The oscillating walking beam gives the necessary motion to 
the tools. As with the “.Star” rig, tubes can be driven by this 
means. 

A feature of this rig is the means provided for screwing and 
unscrewing casing. A rope attached to the casing drum (l) also 
encircles the tubes two or tlirce times, the free end being held to 
keep the rope taut. By rotating the drum the tubes are also 



Designed for the jmrjxtse ofcnaliling rapid intercliange lielwcen the 
percussion and loUry systems ol drilling, thus securing the arhaii- 
tagc.s of both wlien pcnctialiiig Hllernale thick beds of hard and 
st>fl strata. 


rotated in cither direction depending on the direction of winding 
round the tubes. A special bracket (o) is fitted to the front of the 
rig framework against which the tubes arc forced by the pull on 
the rope. This bracket is fitted with rollers to minimi.se 
friction. Ail o])erating levers arc concentrated at the front of 
the machine and can be mani]ru]ated without difficulty by one 
man. Either a derrick tripod or a mast may be employed with 
this machine according to the amount of casing to be u.sed in 
the well. 

In order to obviatrfthe necessity of connecting and disconnect- 
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ing the pitman when the walking beam is not in use, the engine 
pulley is fitted with a clutch which can be disengaged at will. 
The headpiece of the walking beam (p) carrying the temper screw 
(Q) may be displaced at will, thus leaving no obstacle in the way 
during cleaning, bailing, or casing operation.s. 

Cost of Drilling. —The cost of drilling and lining wells varies 
greatly in different fields, and is dependent upon a number of 
factors, of which the following are the chief:— 

a. Diameter. 

b. Depth. 

c. Sy.stern of drilling. 

d. Cost of power. 

c. Amount and kind of casing. 

/. Labour rates. 

g. Presence or absence of water needing exclusion. 

The power may vary between extremes of lo and 75 H.P., the 
heaviest loads only being sustained for brief periods. It is difficult 
to indicate the power of engines working under such a fluctuating 
load as in drilling, but it is possible to calculate backwards from 
the fuel consumption per day the approximate average power 
demanded. Cable-drilled wells of moderate depth and diameter 
take about 7 barrels (.say i ton) of oil daily ; deeper wells use 
10 barrels (say 1.51 tons), and circulating or hydraulic flush pro- 
ce.sses consume as much as 15 barrels (.say 2 tons) of oil per diem. 
With steam there is great waste through condensation, due to 
periods of intermittent working. Assuming an evaporation of 
12 lbs. of water per lb. of oil (a boiler efficiency of about 65 per 
cent.) and a .steam consumption of 50 lbs. per B.H.P. hour, the 
power would be as under- 

At 7 barrels daily-0.3 banel^go lbs. per hoiir-^2i.5 II,P. 

At 10 „ =043 „ -126 „ =30 H.P. 

At 15 „ -0.63 „ =i8y „ ^45 H.P. 

Electrical energy leads to great economy in power consumption 

IS the current can be shut off during periods of stoppages, and no 

leavy radiation lo.sses continue during periods of low ^ower con- 
lumption. Thus in the Baku oil-fields the av^erage power consumed 
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by using electrical energy is only 8.5 kw. per hour, 11.4 H.P., 
with maximum requirements of 75 H.P. In Roumania the 
average cost of electric power for drilling wells is about 20 fr. ($4) 
a day, representing a charge of about 2.50 fr. (50 cents) per foot in 
average wells of moderate depth. Some indicator tests of a steam 
engine drilling in the Coalinga oil-fields of California gave the 
following results:—' 


Lifting tools 
Bailing 

Raising sand pump 
Drilling - 


20 n.p. 

10 H.P. 

22 H.P. 
IO-T4 II.P. 


The actual cost of power can be calculated from the above 
figures, as well as the cost per foot of hole. If gas is used, 45,000 
cub. ft. may be taken to equal i ton of oil, or 6,000 cub. ft. i barrel. 

Casing requirements in wells differ widely, and are dependent 
upon the following factors :— 

a. (ilass of casing needed to snp[)ort walls. 

/'. Freights and transiiort from works to .sites. 

i. Price of metal 

d. Number of water .sources to be excluded. 


In table on p. 592, the proportionate cost of casing may be 
noted. The average cost of casing used per foot of drilling can 
be calculated for circumscribed areas, and used as a basis of 
calculations. Baku wells, 2,000 ft. in depth, with initial diameters 
of 36-42 in., often necessitate the employment of 300 tons of 
steel. 

•Analysis of 133 Coalinga wells showed the cost of casing per 
foot to average :—“ 

§2.70 in wells lo 1,500 ft., aveiaging 1,305 ft. deep. 


^4.00 

„ 2,0(10 „ „ 

1,844 

S' 4-44 

,, a,000 ,, „ 

2,450 

$4.58 

„ above 3,000 fl. „ 

3 i 332 


Roumanian wells of about 1,500 ft. in depth use casing to the 
value of about $8 per foot, and in Burma the cost fluctuates around 
$3 per foot. 

* ® “ PetroAum Industry of California.” J.oc. cit. 
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MudPump. * 


10 75 OD. Drive Pipe 


Labour may fluctuate in cost between $5 to $30 (;^i to £ 6 ) 
per diem, and the total cost of wells may be between extremes of 
$1.50 and $30 (6s. and £ 6 ) per foot. 

Suppression of Wild Oil and Gas Sources. — There are 

sometimes reasons for drilling 
through .several oil sources, cither 
to tap a known deep source or 
to prospect for deeper horizons. 
IVolific oil or gas sands may be 
passed by cautiou.sly working 
with a hole full of water, and 
avoiding anything that might 
2 in dclively from '"^'^cc a flow, but at other times 
the water is expelled and more 
or less violent eruptions of gas 
or oil prevent further ])i ogress 
until the gas or oil is sufficiently 
exhausted to allow casing to be 
manipulated or drilling con¬ 
tinued. In the Mid-Continental 
oil-fields of America, sands con¬ 
taining gas under pre.ssures of 
from 300-'.!oo lbs. per square 
inch have often to be'passed to 
reach the oil sands, and the 
practice of allowing this gas to 
escape has led the American 
Government to undertake in¬ 
vestigations with a view to 
effecting its conservation. The 
experiments conducted with 
mud have proved exceedingly 
successful,and demonstrated that 
powerful sources may be drowned, extinguished, and passed with 
little loss of gas and at no great expense. 

When a powerful gas source has been reached, a thick puddle 
of clay, quite free from sand, is pumped into the welY If the 
pressure is too high, or the volume of gas tfco great to allow the 



Hydraulic 
Pressure Gauge 


Sin Gate Valve 
as above. 

/ 


B^sOD Drive Pipe 
as Casing to Well. 


86 .—Arrangement for Filling 
with Mud Wells under High 
. Gas Pressure. 
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mud fluid to enter the well, a valve is screwed to the casing head, 
several lengths of lo-in. or 12-in. casing are attached by means of 
a reducer, and another valve placed either at the top or at a point 
where a pipe leading from the pump enters the casing. An air 
valve is required to allow the e.scapc of air and gas from the 
receiver, and the casing should be securely anchored. The lower 
valve is closed and mud is pumped into the receiver till full, the air 
valve being opened to allow the escape of contained air or gas. On 
closing the upper valve and opening the lower the fluid enters the 
well by gravity, the lower valve is then closed and the operation 
repeated till the well is filled. By this means gas sources yielding 
up to 40,000,000 cub. ft. daily have been rendered inert and passed 
until the casing has been .set securely in suitable material below 
the gas source. Drilling can then be continued in a dry hole if 
desired. 

Sometimes the above procedure cannot be carried out on 
account of the high pressure of gas, and the insecurity of the 
casing already inserted This has been overcome by attaching to 
the top of the easing a T-piecc with the single outlet leading 
horizontally. On the upper part of the T is fitted a gland and 
stuffing box, through which 3-in. tubing can be lowered to the 
bottom of the well. By tightening the gland and slowly restricting 
the side flow of gas by a valve whilst mud is being pumped into 
the 3-in, tubing the gas pressure can be u'timately suppressed, 
and the well left in a state to complete or deepen. 

Mud introduced into wells in the manner described is in.stru- 
mental in excluding water sources by plugging the porous stratum 
from which the water issued. 

Shooting or Torpedoing Wells. —Where petroleum is dis¬ 
seminated amidst hard dolomitic limestones or calcareous sand¬ 
stones, or where lateral variation of texture in hard rocks leads to 
the irregular di.stribution of petroleum throughout a bed, consider¬ 
able benefits are often derived by blasting the oil-bearing rock 
with powerful explosives. The effect of explosions on hard rock 
not only leads to the destructive shattering of a productive bed, 
thereby enabling freer movements of the oil, but it sets up a 
subterranean disturbance in the oil and gas enclosed under 
high pressure in thi pores of the rock, which continues for a 
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time. Wells sunk to oil-bearing horizons fii the Appalachian 
oil-fields of America often exhibit little or no indications ol 
oil until they have been “shot:' after which they frequently flow 
freely for a while, and give a handsome production. When the 
oil-bearing stratum is a hard, compact rock the natural infiltration 
is slow, and a violent explosion will sufficiently crack the bed 
for a wide radius around to allow the contained oil and gas 
to flow through the numerous fi.ssures to the well. Lixewi.se 
the Assuring of an unproductive ])ortion of the stratum liy an 
explosion will sometimes cause a connection with productive 
parts of the same bed in the vicinity. The failure of a small 
shot to induce a flow of oil may be followed by success on 
the firing of a more powerful shot, and likewi.se tiic periodical 
“siwotiug" of a well often causes the productioii of a well, 

which has fallen to a nominal amount only, to ri.se again to a 

high figure. 

In soft, spongy strata no benefit is derived from torpedoing ; 
indeed, the production of oil may be diminished, as the .strata 
are simply powerfully compressed, and oil inlets may be thereby 
closed. The following notes, taken from a valuable paper by 
N. M. Fenneman,^ will give a clear idea of the usual objects 
and methods of “ shooting ” wells in the Ifoulder oil-field of 
Colorado, the arguments in which apply eqi ally elsewhere:— 

“ All the wells pymped up to the close of the year igo2 have 
been shot. The amount of nitro-glyccrine used in the.se shots 

has varied from 10-120 quarts. Dynamite charges have been 

as large as 500 lbs., 70 per cent, nitro-glycerine. The effects 
of these shots have not been uniformly favourable. The beneficial 
effects in a few' of the best wells have doubtless been responsible 
for most of the later attempts. It is by no means certain as 
yet that this practice will be universal in this field. At least 
one well has recently begun pumping without being shot, and 
the owners have no immediate intention of shooting. The fact 
that the flow of some wells has decreased since the shooting 
will lead to greater caution, and it is to be hoped that it will lead 
to a more careful study of the conditions present in each well. 

^ “Contributions to Ecotioiiiic Geology, 1902,"’ United States Geological 

Survey. 



“The beneficial or harmful effects of a shot must depend', 
largely upon the texture of the stratum ~ yielding the oil, for it 
seems to be true that some shales are compacted rather than 
shattered by the explosion. For this reason, shooting is not 
practised in the Florence field, which, of all the older oil districts, 
the Boulder field most re.sembles. Owing to the difference in 
texture of the various beds yielding oil in the Boulder field, it 
is but reasonable to expect that the same shot which would 
prove beneficial to one well would be ruinous to another. On 
this account, if on no other, the texture and composition of 
the oil strata should be carefully studied b}' methods far more 
di.scriminating than the superficial ones now used. 

“ A second reason for injurious effects from shooting lies 
in uncertainty about the exact depth of the sand which it is 
intended to .shatter. Measurements of depths by steel tape 
are indeed becoming more common, but in a considerable number 
of wells the depths of all formations arc known onl}^ by cable 
measurement. Even in wells b.i. recently sunk it is not uncommon 
that the stated depths of important sands are thus liable to errors 
of 25-50 ft. 

“The possible injuries from a shot at the wrong place may be 
readily seen from the following considerations: Given a porous 
rock saturated with oil which is under a certain pressure. This 
rock is now, for the sole reason that it has no outlet in any other 
direction, being surrounded (as in this field) by impervious rocks. 
This well is now shot in such a way as to rupture the impervious 
rocks which have surrounded the oil sand. The oil may now 
leave the sand by other openings besides the well, and may thus 
be dissipated in other porous beds and the well may be ruined. 
Such an effect may be produced even by .shooting at the proper , 
depth if the charge employed be too heavy. In one instance a 
well was shot at 740 ft. with 500 lbs. of dynamite, 60 per cent, 
nitro-glycerine. The formaTtion above the sand was a uniform 
den.se shale. A good quality of sandstone was blown from the 
hole in chunks reaching a maximum of 14 Ib.s. The shale was 
ruptured to the surface. Open cracks of an inch or more e.xtended 
for some rods from the well. Presumably, also, cracks reached a 
considerable depth tielow the sand which was to be shattered. 
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“ It cannot be too carefully borne in mind that the one object 
in shooting is to shatter the rock which carries the oil, and that 
only. With this object in view, it is plain that intelligent and 
discriminating .shooting must depend upon information which the 
following questions may suggest: Is the texture of the oil stratum 
such as to give promise that it will be shattered rather than 
compacted ? What is the exact depth of its top (and bottom if 
drilled through)? How much of a shot will the overlying rocks 
bear without giving other outlets to the oil ? This last que.stion 
is one of great importance in this field. It is needless to say 
that such questions can be answered only by a carefully kept 
log and close study of samples, not only of oil sands, but of all 
strata, in order to properly forecast their behaviour under the 
influence of a shot.” 

The following description of the procedure now adopted on 
the Kansas-Oklahoma oil-field was contributed by A. Ashworth, 
M.A., A.M.Inst.C.E.:— 

“ Oil wells in Oklahoma and Kansas are nearly .dways ' shot' 
soon after they arc drilled in. The shooting of a well consists in 
exploding a large charge of e.xplosive placed in the bore at the 
level of the oil sand. In this district a well is hardly considered 
as completed until it has been shot, and the shooting is only 
omitted when it is considered that the shot m.ay have a bad effect 
in causing the well tp be flooded out with salt water where the oil 
sand is small in thickness and immediately overlies a brine sand, 
or when a string of casing which cannot be ])ulled out without risk 
is seated too close to the top of the oil sand and would be liable to 
damage from the shot. 

“The explosive used is almost universally nitro-glycerine. 
Dynamite has been tried, but has proved unsatisfactory, as with 
the use of this it has been found difficult to ensure the whole of 
the charge being fired. If a portion of the charge remains un¬ 
exploded, it will almost certainly be fiVed when the tools are being 
run subsequently in clearing out the well, and in that case the well 
would probably be irretrievably spoiled. 

, “ The nitro-glycerine is manufactured at the magazine belonging 

to the nitro-glycerine company in the district in which it‘is to be* 
used. There are several of these nitro-glycJirine 5omp.anies, aru^ 
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each company has its magazine in every main district of the field. 
The explosive is taken from the magazine to the well in carts or 
automobiles specially arranged for the purpose. When a well is 
to be shot, the shooter, employed by the nitro-glycerine company, 
is instructed beforehand of the approximate quantity of explosive 
required, and this quantity is taken by him from the magazine to 
the well in rectangular tins each containing ten quarts. Each of 
these tins is placed in a separate felt-lined compartment of the 
shooter's wagon or automobile. In passing from the magazine to 
the well the conveyance is not allowed to pass through towns. 

“ The amount of explosive used is fixed by the owner of the well 
or his agent. It will depend mainly on the diameter of the hole 
and the thickness of the oil stratum, and, in general, the largest 
amount of explosive that can be placed in the space determined by 
these considerations is used. Thus, supposing the diameter of the 
bore were 6] in., and the thickness of the sand 40 ft., the amount 
of the charge would probably be 160 quarts contained in eight 
shells, in. diameter, of 20 quarts each, each shell occupying a 
depth of 4 ft. 6 in. This charge would thus occupy 36 ft. of the 
40 ft. thickness of oil sand, and the charge would be placed so as to 
leave the top 4 ft. of the sand above the top shell. 

“ This top 4 ft. of the sand would probably be sufficiently 
shattered by the shot to enable it to give its full production, and in 
any ca.se the cavity formed below would permit all the oil in this 
4 ft. to drain downwards without hindrance. 

“ When the shooter arrives at the well, he takes full respon.sibility, 
and in the ca.se of any accident damaging the well, his company is 
responsible to the owners. As a rule, the shooter asks for the 
a.s.sistance of one of the drilling contractor’s men to aid him in 
putting in the shot, but this does not relieve him of any of the 
responsibility. 

“After his arrival at the well, the first operation is to run the 
steel measuring line to show that the well i.s at its full depth, and 
that the bore is not pattially filled by cavings. The owner, or his 
agent, then instructs the shooter as to the exact points between 
which he wishes the shot to be placed. In many cases it is not 
desirable to place the .shot at the very bottom of the hole. In 
these cases the shelfs are supported at the required distance above 
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the bottom by attaching to the lower end of the first shell the 
required length of ‘ anchor,’ which consists of a length, or several 
connected lengths, of tubing made of tinned sheet iron. 

“ The shells are lowered by means of a manilla line about -J in. 
diameter to the bottom end of which a hook is fastened, which 
automatically iletachcs itself from the bale of the shell when this 
comes to rest. The empty shell is supported in the top of the 
hole, while the explosive is poured in from the tins in which it is 
transported to the well. Each shell takes two tins of explo.sive to 
fill it. Any drops of nitro-glycerine which may run down the out¬ 
side of the shell are carefully wiped off to prevent premature firing 
of the shell due to friction against the casing. The tins, when 
emptied, arc replaced in the wagon. 

“ The line is ]jaid out by hand, the shooter keeping a careful 
watch to ensure the shell from sticking in the bore before it reaches 
the bottom of the hole. When the first shell with the anchor 
reaches the bottom of the hole, the line is marked as a guide to 
make certain the remaining shells are lowered to the right position. 
The line is then withdrawn, and the steel measuring line again run 
to make certain of the correct position of the first shell. This 
being a.scertained the other shells are lowered, the mark previously 
placed on the manilla line being sufficient guide to ascertain the 
correctness of their position. 

“ When all the shells are placed in position, it may be necessary 
to pull the inner string of casing .should the lower end of this be 
seated too near the shot. Every shot to be full)' effective .should 
have as tamping a head of fluid (water or oil) of from lOO ft. to 
400 or 500 ft. in depth. It is important that this fluid tamping should 
not stand up into the inner string of casing. The result of firing 
a shot with the fluid standing up into the casing would be the 
splitting of the casing. Hence this is always removed first, unle.ss 
there is sufficient room between the top, of the shot and the bottom 
of the casing for an ample head of fluid. In that case, before 
shooting, the excess fluid is swabbed out until it is certain the level 
is below the bottom of the casing. 

“ If there is any danger of caving taking place on the removal 
of this casing, an electric detonator is lowerec^ with the last shell 
':and the casing is pulled over the insulated cable from the detonatoi 
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to the surface. Otherwise the shot is generally fired by means of 
a squib, which is a tin tube containing a small stick of dynamite, in 
which is buried a detonating cap connected to a length of fu.se 
which is lighted before the squib is dropped into the well. Where 
this fails to explode the shot a small tin tube containing a charge 
of glycerine and a firing head is lowered into the well on a copper 
wire, and when it is in position the firing head is struck by means 
of a short length of i in. diameter pipe threaded on to the wire and 
dropped into the well. 

“ The firing of the shot is generally followed by the ejection of 
the fluid contents of the bore hole, unless the hole is a deep one 
and the fluid head large compared to the size of the charge, in 
which case the shot does not always ‘ come out.’ 

“ A good well will generally make several strong flows after 
shooting. After this first flush production has ceased, the well will 
require a good cleaning out, as for some time the disrupted .sand 
continues to fill up the bottom of the hole, and until this .sand 
ceases to come in cleaning out must be continued, otherwise it 
would be impossible to pump the well continuously. This cleaning 
out may take from one or two days to as long as three weeks 
before the loose sand is got rid of. 

“ The effect of the shot is to increase the production of the well 
to a considerable extent. Hard, compact sands are in general 
most benefited by .shooting, but it is impossible to gauge the 
benefit beforehand. Certain sands give very little ‘ natural ’ 
production, i.e., production without the aid of a .shot. A notable 
sand in this respect is the ‘ Hooch ’ sand found in the neighbourhood 
of Morris in the county of Okmulgee. This sand is found at a 
depth of 1,000-1,200 ft., and was entirely neglected until the 
effect of a shot was tried t)n it. Many Hooch-sand wells on being 
drilled in will only produce about half a barrel or so of oil per day, 
but on being shot will start off at a daily production of one or two 
hundred barrels or even more. The remarkable effect of a shot 
in the Hooch sand has not been satisfactorily explained. 

“ The work of shooting wells is naturally very dangerous, and 
every year a number of shooters lose their lives from accidents. 
Shooters receive a salary of about $150 per month which cannot be 
considered high consSiering the responsible and hazardous nature 
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of their occupation. It is generally considered that a shooter’s 
final illness will not incur either a doctor’s bill or funeral expenses. 

“ The cost of shooting is e.stimated per quart of explosive. For 
a shot of one hundred quarts or over it is $1.15 per quart, smaller 
charges being at a higher rate.” 

Contract Drilling. —Wherever reputable contractors can be 
engaged or qualified drillers can be induced to accept contract 
work the policy of drilling by contract should be adopted. So 
much depends upon the actual operator, over whom little direct 
supervision is possible, that it is advisable to directly interest con¬ 
tractors in the work. There are objections to the pursuance of 
such a course, for there may be a disposition on the part of con¬ 
tractors to disregard the aims of the proprietor to find oil and 
confine their energies solely to the drilling of a maximum footage 
within a minimum period. Oil sources may thus be passed 
through without being reported unless a close watch is kept. 
Contractors also do not favour the temporary suspension of drilling 
to undertake water exclusion measures, during which period they 
only receive, as a rule, a nominal daily sum to little more than 
cover expenses; consequently, there is an inclination to conceal 
the existence of water sources which, if they do not hide the 
presence of oil, may subsequently cause permanent injury to a 
producing well. A con.scientious boring contractor with his em¬ 
ployer’s interests at , heart will not only faithfully carry nut his 
contract, but advise generally on the course to pursue at each 
juncture; but it is more satisfacto.y for both parties if the pro¬ 
ducer appoints independent inspectors to overlook the drilling. 

The form of contract varies in different oil-fields. Sometimes 
the contractor has to find everything, whilst at other times he is 
given his power, fuel, and water, or even all the necessary drilling 
machinery as well. The following is a translation of the usual 
form of contract for drilling the wells in the Baku oil-fields, which 
is as full as any contract made anywhere, and foresees almost every 
contingency connected with drilling oil wells :— 

I. The Firm has given over to the lioring Contractor, and the latter has 
taken over for boring, well No. on Plot No. Not later than 

the Firm must give Contractor a correctly built and fully 
equipped derrick, as detailed in Clause 2 of this Agrea.nent. and the Contractor 
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must, within thirty days of taking over the boring, commence work and con* 
tinue it night and day with his foreman, workmen, and instruments, and with 
his own boring rig, until reaching an oil source which shall be considered by 
the Kirm sufficient for exploitation, but not necessarily deeper than 250 sagens 

V',75oft-)- 

2. 'i’he Firm supplies a derrick covered with some fireproof substance with 
all appliances, a completed shaft with guide and floor, a completed foundation for 
boring rig made anording to Contractor’s instructions, a bailing pulley, a steam 
engine or cleclrir motor of not less than 60 horse power, with sufficient energy 
necessary to run the same, four electrii lamps—one being portable, convenient 
roadway to the derrick, a liridge at the side door of the derrick, and also 
deliver to the well good quality iron casing of not less than ] in. thickness 
liveted in roUinins of two, three, nr four tubes, according to the desire of the 
Conlractoi, a double template for testing the tubes, rivets, clay, cement, and 
hard i Lone for stamping down shaft and well, also water, which must be 
deliv'cred in re(|Uisite quantity by means of the ]noperty pumps to the mouth of 
the well. For trial bailing the Firm supplies rope, belt, and bailer, and for 
cementing all lu-cessary materials .ind apjiliances. 'The Contiaclor has use of 
all the above, and is siqiplied with them whenever reijuircd, and for all the time 
work IS earned on m the well. 

yVV/A’. -Care of tlic engine, oiling and repaiis of same, also keeping in repair 
derrick, elei tnc light, and also fnc-exlinguishing apparatus, must be performed 
by the 1 irm. 

3. Boring must be commenced vnth shaft tubes of 32 in. diameter, and 
continuetl uitli tubes of 30, 28, 26, 24, 23, 20, tS, 16 m. diameter in such a 
manner that the mean depth of each column passing into the ground shall not 
be Ic.ss than 30 sagens (210 ft.;, excluding from the total depth the depth 
of the shaft column, safety column, and those columns stopped on account of 
the non-lulfilment on the part of the Finn of the conditions set out in Clause 2 
of this Agreement, and those columns stopped on account of fire, on account of 
the sudden disa|)pearance of liquid in the well, or on account of the entry of 
cement into the well. Columns of casing stopped for the above reasons are 
not taken into account when making up the mean depth bored, if, in such 
cases, the column has passed down less than 30 sagens. If, on delivery of the 
well, it should appear that the Contractor has not carried out this obligation, 
and has lowered more lubes than necessary in order to drill 30 sagens with 
each column, then the extra number of columns of tubes will be for account of 
the Contractor at cost price. The C-'onlractor is freed from above obligation if 
columns of tubes are stopped or pressed into clay at the request of the Firm, or 
become stopped on account of trial bailing or fountains. 

4. If in the couise of boring, owing to the fault of the Contractor, the well 
should l)ccome so damaged that further boring is impossible, and the Con¬ 
tractor finds It impossible to repair,same, then the Contractor must transfer the 
derrick to another place on the same property, and without charge bore there 
another well with his own casings of the same diameters to the depth of the 
spoilt w'ell. At the same time the Contractor has the right at his own cost to 
withdraw casings from the damaged w'ell, and use them as he may see fit. If, 
however, the well has become damaged on account of trial bailing, a fountain, 
fire, appearance of gas, sudden disappearance of liquid, cementation or pressing 
column down at request oj the Firm, and similar reasons, ^hen for the results of 

a6 
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such the Contractor does not answer, and the repair of the well will take place 
for account of the Firm, and by special agreement on both sides. 

5. On demand by the Firm, the Contractor must carry out the following 

((/.) By means of a centring apparatus to test the well for verticality up to a 
depth of 140 ft., and the well is considered vertical if the displace¬ 
ment of the column to one side at 140 ft. does not exceed i in. 

(//) Before proceeding to trial bail after cementing, and also before pressing 
down a column, to lower a column of four tubes 2 in. less in 
diameter than the last casing, and the well to be considered in order 
if this column passes to the shoe. 

(r) To cut out columns at depths determined by the P'irm, not, however, at 
a lower depth than 35 ft. above the depth of the previous shoe. 

{(i) To slop or press down a column of lubes at any depth, to carry out 
cementation, trial bailing, cleaning plug, and other work, as may be 
determined by the Firm, and at their responsibility. 

(<•) To measure the length of the column with shoe fork. 

6. For every sagen drilled up to 100 sagens boring is carried out at the basis 
price of 100 roubles, thereupon for every additional 10 sagens above 100 sagens 
bored to the basis price is added 10 roubles per sagen, the cost per sagen 
for boring from Jco to 110 sagens is no roubles, lor boring from 110 to 120 
sagens is 120 roubles, and so on. Measurement of depth takes place from the' 
floor of the denick to the Ijottom of the well. (^V sagen is 7 ft. ; a rouble 2 
shillings or 48 cents.) 

7. For all work not connected with actual drilling of the well, such as 
ramming down and strengthening the shaft, making and cleaning artificial plug, 
cementing, trial bailing, cleaning plug, and moving (olumns after trial bailing, 
fishing for and taking out instruments lost while carrying out any of this special 
work, also taking out instruments seized by cement, and other such work with 
the exception of cutting up casing, the Firm pays the Contractor 40 roubles 
(£4. 5s. or|2o.4) per day. 

8. If any column of tubes slops on account of trial bailing, fountain, fire, 
entry of cement into iHl well, or on account of non-fulfilment by the Firm of 
Clause 2 of this Agreement, or if any column of tubes has been stopped at the 
request of the Firm, and if the columns stopped for any of the above reasons 
have been drilled into the ground less than 2S0 ft., then the lowering of the 
next column of tubes to the shoe of the j)re;ious column shall be for account of 
the Firm at 4 roubles per sagen of tubes lowered, such charge being also made 
for lowering safety column of lubes. In all other cases the Contractor lowers 
columns of lubes at his own e.xpense. 

9. Cutting and taking out columns of tubes is carried out at the price of 4 
roubles per sagen of lubes withdrawn, such tubes being unriveted in columns of 
four tubes each. If after several attempts at cutting, the column comes away 
at the top cut, the remaining pieces of cut column have to be raised by means 
of lube catcher and fishing rods, then this work will be carried out by special 
agreement on both sides. 

10. For all stoppages of work the offending parly shall pay the other party 
40 roubles ($20) per day. The Contractor shall receive ‘.his 40 roubles per day 
also if the stoppage has occurred on account of a fountain in the neighbourhood. 
For stoppages and results of such stoppages caused by act of God, strikes of 
workmen, national disturbances, boiler explosions, fir^, etc., both sides arc fr<ed 
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from any responsibility, but in case of fire the Conirat tor h.ts the right to 
remove his property from the derrick until it shall have become possible to 
resume the interrupted work. 

11. Settlement of accounts ])etween l)oth patties shall lake place in cash 
once a month, not later than the 15th day of the month, for work carried out 
by the Contiacior during the previous month. 

12. The (.'ontractor has the right to slop work and remove his properly from 
the well without incurring ,iny responsibility foi such stoppage and the conse¬ 
quences thereof, in the following cases 

(a) C)n rea(hiiig the limit depth of 2^0 sagens, should no .idditional agree¬ 
ment have been arrived at by the i)arties for tlie continuation of the 
work. 

(h) On final stoppage of S-in. roliimn of tui)es. 

(0 On stoppage of wtwk through the fault of tlic )‘'iini for thnty days 
consccutiv^ely. 

(//) Aflcr two months’ trial bailing and cleaning plug, should no further 
deepening of the well take |)la( e aflcM lliis jicnod. 

((■} On non-payment at the time mentioned in Clause 11 of sums due It) the 
Contractor. 

n. 1 he t'ontratlor takes full responsibility iLiiminai and civil; for all 
accidents occurring to his workmen in the course of canying out the work, as 
laid down ni this Agreement, and must fulfil all legal demands of the Authorities 
having connei Uon generally wiili sut li ■ irk, for whit h lie must prcp.ire a special 
signed document embodying the above m legal form for handing in to thfe 
Second Caucasian District Mining Dopaumenl 

14. 'i’he (a)nliciciof must keep daily records ol boring work, nnd hand same 
in the form of daily boring repoils to the Kirin’s propc'rty ofticc, and must allow 
the Firm's rejiresent.itive into the derrick at any time to supervise and check 
the work. A boring repoil to winch noobiection has been received within three 
days shall br c onsidcred accepted, and t annot be disputed after the lapse of the 
abovc-mciUionetl three days. All orders, licclaiations, and olqcctions of the 
Firm to the Contractor must be in writing. 

15. In case a stoppage of woik for a pciiod of thirty days consecutively 
has taken pl.ue through the fault of the Contractor, then the Firm, having 
first completed payment for work perfornuHi, may refuse further work to 
the Conii.iclor, and may consider the Agreement (.ancelied without further 
consequences for eitlicr side. 

16. All disputc^s and inisLiiiderstandings ol a technical nature arising out 
of this Agreemeni shall be settled (within one montli fioin dale of declaration 
by one of the parties giving notice of his desire to that effect) by three 
experts in IJaku, eacii party electing one expeit, and these two experts electing 
a third. 

17. Onaconniof the indeterminate nature of the sums to be paid under 
this Agreement, the latter is stampetl wnh a bill stamp value 1.25 roubles on 
condition thrit_, the regular payments being m.ide cadi month, both parties will 
pay the bill lax equally. 

In the AmericHii oil-fields the contractor is sometimes furnished 
with a dnilinc rig, casing, and power, but must himself find the 
tools and be responsible for fuel, water, drilling cables, sand lines, 
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and small accessories. The following agreement is a typical form 
used by one of the largest oil-producing companies in the eastern 
oil-fields of the United States;— 

This Aorkkmknt, made this day of A.D. 

i8 , between of parties of 

the first part, and the Oii, CoMr.VNV, party of the second part. 

WiTNKSSKTH, That the said partie.'i of the first pari have covenanted and 
agreed with the said party of the se( ond part, Us successors and assigns, 
that said parties of tlic first part will drill for said parly of the second part a 
certain well for the purpose of obtaining petroleum oil or natural gas, to be 
known as WklL No. on the tarm of 

township (ounty 

The material, machinery, and ajipliances necessary for drilling and com¬ 
pleting said well shall be furnished, and the wmk of drilling the same shall be 
done in the manner hereinafter specified, vi/.. 

A complete carpenter’s rig of good ([uality (including '/ooden conductor) 
to be furnished by the parly of the second part, and all repairs on same while 
the well is being drilled shall be made l;y and at the expense of said parties of 
the first part. 

All casing to be furnisliecl by party of the second part. "■ 

Boiler, engine, belt, bull rope, steam and water pipe, and lonnections to be 
furnished at the well by parly of the second pan. 

The expense of fitting up and connecting same to be borne by parties of 
the first part. 

Fuel to be furnished at expense of the parties of the first part. 

Water to be furnished at the expense of the parties of the first part. 

Oil saver and steel measuring line at expense of the parties of the first part. 

All machinery, material, and appliances furnished by said party of the 
second part shall, at the completion or abandoninem of ^aid well, be returned 
to said parly of the second part in as good condition as when received by said 
parties of the first part, ordinary wear and the action of the elements alone 
excepted. 

The said parties of the first part further agree to pay all expenses and 
furnish evc'ylhing necessary to drill and complete said well, except the 
articles and appliances herein specifically mentioned to be furnished by the 
party ot the second part. 

'I'he said well, unle.ss sooner abandoned by direction of the party of the 
second part, is to be drilled to 2,000 ft., the consideration for which shall be 
two dollars per foot. 

All fresh water shall be cased off with a casing of a diameter of not less 
than in., and all salt water cased off with casing of a diameter of 

not less than in. ^ 

The diameter of the well when completed shall nut be less than in. 

The outside strings of casing, vi/.., the , in. and in., shall 

be pulled at the expense of the party of the second part. 

When the said well 1 caches the oil or gas-bearing sand, the method of 
drilling through tlic same shall be under the direction of said party of the ' 
’second part, or its agent in charge of the farm or lease, and if oil or gas-is 
found in sufficient quantities to endanger the rig tlnd material by fire from 
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the boiler, then said parties of the first part shall, without delay, and at second 
party’s own expense, move the boiler to a safe distance from the well. All 
pipe fittings made necessary by such removal to be furnished by the said party 
of the second part. 

When completed, unless prevented by loo great a volume of gas or oil, 
the well shall be thoroughly “bailed” and “sand pumped” by the said parties 
of the first part, until all drillings and sediment are removed therefrom and 
the well thoroughly cleaned. 

The parlies of the first part shall carefully examine all machinery, casing, 
and other apjdiances to be furnished for said well by the party of the second 
part, and if any defect be found therein sufficient to make the use of such 
machinery, casing, or other appliance unsafe, shall immediately notify the 
party of the second part of suth defect or defects, and the party of the second 
part shall at once replace the articles so found defective with a good and 
safe one ; but if the parlies of the first part shall not make such examination, 
or shall not report any defects in said machinery, casing, or other appliance, 
they shall be deemed to have assumed all risks and all responsibility for any 
mishap which may occur in the drilling of said well by reason of a failure 
in such machinery, casing, or other appliance. 

No j)art of the contract juice above mentioned shall in any event be 
paid until said well shall be completed to the dejHh above required, and 
delivered to the party of the second jiart in thorough good order, free and 
clear of all obslruction.s. 

The jxarties of the first part agree to begin the drilling of said well within 
thirty days from and mosecute the work actively and 

continuously (Sundays e\ce{)lt;(i) to completion. 

It is ruKTHkH A(JKEEi), That time shall be of the essence of this contract, 
and that in case the parties of the first p.J t shall neglect or discontinue the 
work of drilling said well for the space of ten days, such neglect or discontinu¬ 
ance shall of itself be a forfeiture of all rights and claims of the parties of the 
first part under this agreement without any notice or demand by the party of 
the second part. The party of the second pari shall have the right at any time 
after such forfeiture to lake posses.sion of said well, discontinue the drilling 
thereof, and at its pleasure dismantle or abandon the same without liability to 
the parties ot the first part for any portion of the contiact price above-men¬ 
tioned. The party of the second part shall also have the right at any time 
after such forfeiture as above-mentioned, if it so elects, to take possession of 
said well and all the ropes, tools, and ajipliances thereat of the parties of the 
first part, and drill said well to completion. In case it shall succeed in com¬ 
pleting said well, the cost of such completion without any allowance to said 
parties of the first part for tlie use of the said ro|)cs, tools, and appliances, shall 
be deducted from the contract price above-mentioned, and the balance, if any, 
paid to the parties of the first part; bin if said party of the second part should 
not succeed in romjjleting said well, it shall not be liable to the parties of the 
first part in any sum whatever, and shall return said tools, ropes, and appli¬ 
ances to the parties of the fir^c part in as good order as when received, natural 
wear and tear and accidental loss or breakage excepted. 

In Witness witerkok, the parties of the first part have heieunto set their 
hands and seals, and the party of the second part has caused these presents to 
be signed by its representative, the date first above written. 
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■ Below is the draft of a somewhat comprehensive agreement 
adapted to circumstances where the contractor is furnished with 
rig, boiler, fuel, tools, casing and sundry fittings, and is applicable 
to fields far removed from supply centres, where contractors would 
be quite unable to provide themselves with requirements. Tlie 
agreement has proved quite satisfactory in practice. 


The Contractor Acrees - 

Drilling;.—■\. To drill wells at such spots iis shall be indicated by the 
Company’s representative, each well to be dulled to a riiaKimuni depth of ft., 
unless oil be found in sutliciciU quantities at a less depth. 'J'he Company’s 
representative shall be the sole judge of what are suffnient ciuantilies, and the 
Company reserves the ri^hl to siisjiciul operations and/or take over any well or 
wells at any depth and at any lime that m the ojiinion ol the Company’s 
representative it shall bo deemed advisable, upon giving in writing to the 

Contractor of its intention to suspend such operations or to take' over any such 
well or w’elis. 

2. To line the wells in accordance with the pres(ni)ed practice and/or the 
reasonable requirements of the Company’s representative, .airvin^ each column' 
of casing as far as possible eveept when used for water esclusion : and to adopt 
suitable measures for the total exclusion of writer if mel with, cansing out 
special measures if ordinary measures fad. 

3. To consult with the ('onipany’s representative regarding the size and 
nature of casing to be inserted, but to use every endeavour to penetrate the oil- 
bearing sands with as large a diameter as possible, commencing with 
diameter casing, as it may be nuilually agreed, but in no case is the final 
column to be less than casing, excepi upon agreemem with the Company’s 
representative. 

4. To extract as far as possible all casing which may be required by the 
Company’s representative on the completion of a well, or to rut or peiforate 
casing, or insert liners in lieu of rasing removed, or other such work preparatory 
to the completion of a well and which m-.y be recpiired by such representative. 

5. In the event of his failing to reach either tlic recjuisitc depth of ft. 

or oil in paying quantities before that depth by reason of the small diameters of 
the hole, damage, accidents, or other causes connected with the execution of his 
work and for which he may properly be held responsible, the Contractor shall 
as far as possible extract all casing at his own expense, and pay to the Company 
the value of all tools lost in the well, and in such case the Contractor shall be 
paid for the footage drilled at half the scheduled late mentioned in Clause 32 
hereof, provided that such remuneration shall be only payable to the Contractor 
if the well is at least ft. deep. 

6. In case he fails to shut off water so that the well has to be abandoned, to 
extract as much casing as is possible and fill up, the hole at his own expense, 
payment being made in such case at half the scheduled footage rate mentioned 
in Clause 32 hereof. 

7. To furnish the Company’s representative with complete reports every 
twenty-four hours in such form as may be preset ibed by the Company, as well 
as with samples of the strata that may be encountered, and to immediately: 
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report* to such representative the presence of any water, oil, or gas met with 
during the progress of drilling. 

8. In cases where oil is struck in any well in quantity sufficient to justify its 
acceptance by the Company to hand over such well to the Company on comple¬ 
tion thereof, ready for pumping, with all pipes, rods, etc., in position to the 
surface of such well if so desired by the Company. 

Plant and MuteriaL~i). To keep all machinery and plant in good working 
order, and to immediately report any damage necessitating workshop repairs. 

10. To return to the Company on the expiration of the contract, and in good 
condition, all plant loaned by the Company, due allowance being made for 
reasonable wear and tear. 

11. To carry out at his own expense all small repairs, such as sharpening 
bits and drills, renewing packing in leaking joints, packing glands, etc. 

12. do collect all small tools and account for all plant loaned by the Com¬ 
pany at stated periods, to lie decided upon by the Company's representative, for 
the purpose of inventory and inspection. 

13. To pay to the Company the value of any small tool which he may be 
unable to produce for inspection when so rcciuired to do by the Company ; 
receipts being exchanged between the parties heicto f<.r any such material 
issued or returned. 

Erection of l^hnit. —14. To erect his own rigs and machinery and to make 
his own steam, water and oil connections, the matenal.s for such purposes being 
delivered by the Company to the Co-cractor on the site of drilling and the 
various steam, water and oil hues being laid by the Company up to the well site. 

Tidal Pi(//ipin<t and Piiilinj^. - [5. To comTict trial pumpings or bailings 
whenever railed upon by the Company’s representative to do so, provided that 
in the <'vent of such trials exceeding a total period of three clays in any one well, 
the Contractor shall leceive remuneration at the rate mentioned in Clause 33 
hereof for any period exceeding such three days. Should the result of such 
lest pumping or bailings prevent the t'ontractor fiom reaching the maximum 
depth of ft. through delays, caving or other causes, the Contractor shall 

be relieved of any responsibility for not reaching such depth. 

Lahoiir. ~\(\ To provide at his expense all labour requisite for the work 
hereby undertaken by him at a rate of wage not exceeding the current rate of 
wage paid by the Company to its employees, jirovided that the Contractor shall 
at the same tune retain the right to make extia payments to his employees at 
his own expense in the form of a bonus, but not otherwise. 

17. Not to employ without the consent in writing of the Company’s repre¬ 
sentative first obtained, any person or persons who may be in the employment 
of the Company, or who shall have been on the Comp.iny’s pay roll within three 
months previous to such person’s or persons’ proposed en\pIoyment by the 
Contractor, or who may have been discharged by the Company for misconduct. 

(Juarter^.--\'i. To maintain ir a clean and sanitary state all buildings and 
quarters provided by the Company for the Contractor and his employees under 
Clause 29, and to repay to th^ Company the cost of repairing any wilful damage 
done thereto either by the Contractor or by any of his emplo\ees. 

19. To continue operations without interruptions unless for causes beyond 
his control, and to fulfil all Government or other regulations which may be 
imposed by the authorities. 

20. To allow to the Company’s representative free access to the wells at 
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any time for the purpose of measurement thereof or for any other purpose 
whatever. 

21. To exercise strict economy in the consumption of fuel, water, and 
materials supplied by the Company, and to use whenever possible natural gas 
in lieu of other fuels. 

22. Not to divulge either during the continuance of this Agreement or at 
any time after the determination theteof lo any person or persons, firm, com¬ 
pany, or syndicate, without the consent of the Company in writing, any informa¬ 
tion concerning the Company’s undertakings or any information which may 
come to his knowledge during the performance of liis duties. 

Thk Company for its part Agrices:— 

Eiigagement. —23. To engage the said Contractor to drill upon its pro¬ 
perties an aggregate footage of ft. 

Plant and MaferuiL —24. To provide the. Contractor free of charge with 
drilling rigs, machinery and customary sets of tools and appliances 
sufficient for drilling at least wells simultaneously. 

25. To provide the (mnlractor with casing, piping, futings, and such 
materials as may be needful for the execution of the work hereby undertaken 
by the Contractor, such materials to be dcliveied by the Company in good 
order when and as required at the site of the well i^provided reasonable notice ^ 
be given by such Contractor of his requirements) and to renew the same from 
time to time provided the wear and tear thereof has been reasonable. 

26. To provide a stock of usual small stores, fittings and also spare parts 
for machinery and plant on the site of any well when required, provided 
reasonable notice of his requirements be given by the Contractor. 

27. To furnish water, fuel, and light, due regard being paid by the Con¬ 
tractor to Clause 21 hereof. 

28. To execute all workshop repairs with as liule delay as possllde ; small 
repairs as specified in Clause 11 hereof oeing canied out at the Contractor’s 
expense. 

Quarters .—29 To provide suitable famished ([iiarters for the Contractor 
and his drillers, and to afrange for a supply of drinking water. 

Medical Ailcniion.—y:>. To permit their Medical (hficer to professionally 
attend the Contractor and the Contractors eni])loyees free of charge. Provided 
that neither the Contractor nor his employees shall be entitled to such pro¬ 
fessional attendance free of charge in case of illness caused by the excessive 
use of intoxicants or by any dissipation contrary to a reasonably regular life. 

Remuneration, —31. On the completion of a well to send a representative to 
decide by special measurement or other means lo the satisfaction of the Com¬ 
pany the depth for whicli payment is to be made. 

32. To pay to the Contractor per foot drilled by him, 

provided that in the event of oil being found in sufficient quantities (of which 
the Company’s representative shall be the Sole judge) at a less depth than 

ft., or in the event of the Company taking over any well at such 
less depth, the Contractor shall be paid for a.minimum of ft. in 

respect of each hole drilled by him. 

33. To pay to the Contractor per diem during such time 

.as he shall be engaged in extracting casing from wells or when executing at 
the request of the Company any special work such as excluding water hy 
rjimentinc^ or oacker or oerforatintr casing. Also lo compensate the Gbn- 
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tractor for any delays for which the Company can be properly held responsible 
under the terms of this Agreement, provided always that such delays be not 
due to the Contractor’s default in giving reasonfible notice to the Company of 
his requirements and provided also that such delays be not due to circum¬ 
stances over which the Company has no control. Jn the event of the Company 
compensating the Contractor for any delays as aforesaid the Company shall 
be entitled, upon its making applic.ition for such purpose to the Contractor, to 
utilise temporarily the services of the Contractor's employees, for which services 
the Company may have paid compensation to the Contractor. 

34. To pay to the Contractor daily foi' any period ex¬ 

ceeding five days occupied by the Company in transferring the plant (after the 
same shall have been dismantled by the Contractor, and prepared by liim for 
removal) from a finished well to a new site. The Contractor gi^■ing every 
assistance in the removal when so compensated. 

SeiilemetU of Accoiuits. —35. To adjust and pay all accounts between itself 
and the Contractor monthly, but it is mutually agreed that the Contractor shall 
not receive a larger sum than 75 per cent, of the amount due to him on account 
of iincornjdeted wells, the balance of 25 per cent, being retained by the Company 
as a guarantee of the completion of this contract by the Contractor. .Should the 
Contractor become lialde or indebted to the Company in any sum or sums of 
money under the terms of this contract, the Contractor shall pay to the Company 
or satisfy the amount of his liability of indebtedness before he shall be entitled 
to draw or receive any furtlier moneys from the Company. 

36. Each well shall be (.onsidered a separate account for the purpo.ses of 
payment. 






C'HArTRK Vlll. 


CASING OR LINING TUBES FOR WELLS AND 
APPLIANCES EMPLOYED IN ITS INSERTION, 
MANIPULATION, EXTRACTION, AND REPAIRS. 

Objects of Casinf;—Types of Casing—Casing Shoes—Methods of Ensuring 
Freedom of Casing—Casing (damps and Elevators—Cutting and Removing 
Casing -Recovering Lost Casing—I’crforating, Lunching, and Slitting 
Casing—Repairing Damaged Casing-Testing Verticality. 

Objects of Casing. —.‘\n essential feature of well borino is tlie 
lining of well.s. li.Kcept where hard compjtct strata are known 
to extend to the aspired-to depths, provision must be made for 
supporting the walls when passing friable strata which would 
spontaneously run or crumble and fall iti tlie liolc if left 
unsupported or become loosened by the vibration of the 
drill rods or cable. Long distances of inclined caving ground 
or periodical .seams of friable or nncompacted material hinder, 
and eventually check the movement of a column of tubes by 
lateral pressure, after which a smaller size of casiiig lias to be 
inserted, and drilling continued with smaller tools. The possible 
contingency of having to periodically exclude water sources 
must not be overlooked in fixing the initial diameter of a 
well, as in .some oil-fields several water-bearing beds may have 
to be separately attended to. This reduction in the size of 
casing may have to be repeated a number of times dependent 
upon the nature of the strata, so that the well ultimately takes 
a telescopic form. Judgment is therefore needed in deciding 
the initial diameter of well.s to reacli an estimated depth with 
a desired diameter, otherwise an unserviceable size i.s reached 
before the required depth is attained, and the whole work may 
prove worthless. Customary means of economising casing and 
diminishing the effect of lateral pressure will be described in 
succeeding paragraphs. 
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Specification of Casing 

The importance of such economies will be better appreciated 
by calculations which will show that the cost of purchasing, 
transporting, and handling a single column of tubes for a deep 
well may represent an addition of several hundred pounds 
sterling, even allowing for a high valuation of part of the 
column eventually recovered. 

Types of Casing. —llorc holes up to 14 and even 18 in. are 
now usually lined with screwed casing, which has become more 
or less standardised iji the United States. The main features 
distinguishing well casing from ordinary tubing are the 
follov. ing ;— 

(a) Screwing must be clean and absolutely true, so that 
tube.s arc in perfect alignment when coupled. The first few 
threads of casing are flat to allow the screwing to start easily 
without damaging the thread. Tlie collars are reces.sed about 
J in. to protect the threads and simplify .screwing up. 

{/>) Tube.s must be quite circular to allow tools to pass 
freely and to ensure equal thickne.ss at threads, as the whole 
weiglit of a column of several thousand feet may be suspended 
from a single .socket. 

(c) The llireading, whilst ensuring a water-tight joint, should 
he sufficiently coarse to enable tubes to be easily and quickly- 
connected .at the well. 

(rf) The ends of lubes must be slightly Cliamfcrcd internally 
to remove all burrs w hich would cause undue wear of cablc.s. 

(c) Whatever the thickness of casing, the external diameter 
should not be varied, so that two weights of casing can be coupled, 
and all the expensive appliances for handling or manipulating 
casing can be used for one nominal diameter. 

(f) Material should be a mild steel of about 25 tons 
tensile strength per square inch, and elongation of 20 per cent, 
in 8 ill. Too soft a metal k-ads to damage and to bulges when 
screwing up, and too hard metal fractures when roughly 
handled. Solid drawn tubes are made of 35-42 tons tensile, 
with elongation of i 5 per cent, in 8 in. 

Q,'-) Stout thread protectors must be provided for both the 
collar and screwed cjids to avoid damage in transit to the field, 
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Mush Joinl Casing fRaicly Used). 

I'ig. 87.- Types of'i’libing for Lining Wells. 


and tlic tlireads of botli collar and screwed ends sliould be 
coated witli a preservative against corrosion. 

{h) All tubes must be tested to from 500-1,000 lbs. per 
square inch, according to size. 
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Types of Casing 

Two classes of lining tubes arc in use for bore holes, dis¬ 
tinguished for convenience by the general classification of casing 
and drive pipe. The former have from fourteen to ten threads 
per inch, with a taper of j; in. and ij in. to the foot on diameter 
according to size and type, and the joints do not meet at the 
centre. Drive pipe is usually heavier, except for the California 
type of ca.sing, and is screwed eight threads per inch, with a taper 
of 1 1 . per cent, to 3 per cent, on diameter according to size. The 
ends of lubes arc faced and butt in the centre of the collar.s. 
The latter class better withstands the rough treatment to which it 
is often suhjecteel, and is used where heavy driving is necessary 
to secure the freedom of the column. 

Collared casing naturalh- obstructs the movement of a column 
of tubing, and for duties where driving can be avoided the 
objection has been partiall)’ overcome by the use of inserted 
joint casing. Inserted joint ca.sing is of two types, the one 
swelled and cressed, and the other swelled <inK', the internal 
.screwing being in the swelled end, and the external screwing on 
the cressed or |)arallcl end. Tapered tlv.cads of eleven and a half 
and finirtecn per inch are customary with 3 per cent, taper. 
Swelled and cressed tubing suffers the disadvantage that it 
cannot so easily be repaired by attaching a new collar or re-screw¬ 
ing a damaged end as in socketed pipes. This and the plain 
inserted type of casing arc very largely used in Galicia and 
Roumania with unqualified satisfaction. 

During recent years extensive use has been made (if weldless 
ca.sing of the solid drawn type, which admirably suits oil-field 
work. Its more e.xtcnded use has been re.stricted solely by its 
higher cost, especially in the larger sizes. 

Well casing is usually manufactured and sold in random 
lengths, otherwise an increa.sed jsrice is demanded. Rritish tubes 
are made in lengths of from 16-23 ft.; American, 20-25 ft.; 
but .solid drawn tubes may he obtained much longer, 35-40 ft. 
Operators usually prefer'lengths of about 20 ft., owing to the 
difficulty of handling and placing in alignment for screwing those 
of greater length. In the standardisation of American casing, 
the fixing of a series of sizes that will pass freely inside one 
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another has been kept in view, a common practice when moderately 
strong casing is necessary being 121 in., lO in,, 8j in., 6J; in., 
5/,- in. nominal internal diameter. This gives an actual reduction 
in diameter of yh in. in four columns, an average of 1.87 in. for 
each string. The table on p. 415 gives the main propertie.s of 
standard American common types of casing and drive pipe. 
Where there arc .several thicknesses of one nominal sized piping 
the external diameter is maintained, so that casing elevators and 
other appliances for handling casing need not be varied in size. 
The small difference in internal diameter calls fur no modification 
of the tools. 

The initial and completed diameter of wells varies greatly. 
Deep Russian wells arc commenced with casing up to 3 ft. 6 in. 
diameter to ensure a finished size that will admit fair-sized 
bailers. Diameters of 2 ft. 6 in. are fic(]ucnt in Koiiinania, 
where bailing is the customary means of exit acting oil. hut in 
other countries 12-18 in. is a more popular size. When wells 
are pumped, finishing diameters of from 4-6 in. are ample to 
permit the in.sertion of ijumjis that will ensure the full yield of 
the wcl'. 

Riveted or Stove Ripe Casini;. - Where lining tube- of large 
diameter arc required it is customary to use riveted sheet-iron 
casing. The manufacture of this tygie ot casing has been largely 
conducted in Roum-ania, and perfected in the Caucasian oil-fields 
of Russia, where from 40,000 to 50,000 tons are annually u.sed 
in sizes from 42 in. downwards. Riveted casing has been made 
as small as 6 in. in the Ruissian fields, when all screwed tubes 
had to be imported against a heavy import duty, but more 
generally sizes below 12 in. are now of the screwed variety, 
and in many cases a special type of screw'ed casing is used 
running up to 14 in. in diameter. 

Russian casing is made by cutting sheets of in. iron 
into the requisite size, and after punching and counter-sinking 
the holes on the inner side and rolling into shape, riveting up 
the vertical lap-jointed seams by a double or treble row of 
rivets placed zigzag. The tubes are usually made in lengths 
of 4 ft. 8 in. (2 arsheens), and at one exj;reraity a rolled strip 
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TABLE XIV.— Dimensions and Weights of Assorted 
American Casing and Drive I’ire. 


Nojninal, 
Internal I 
J>ia- I 
meter. 


J )iameters in 
Inches. 


! EMernal. ' Inleinal. 


j WeiKhl in lbs. per 
i Foot. 


Thick- : 

ness. I I 

\ Plain j With 
’ Knds. Cuujilini;' 


'I’hieads 
per Inch. 


Couplings. 


Dia¬ 

meter. 
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! Weight. 

'dhs. per Ft. 


SlAMiAKI) C^A.SlNt,. 


I2J 

13.000 
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0.259 

.I 5 '= 4 j 

.’,6.500 1 

t'i 

14.025 

ii>i 

11.000 
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0.224 

25.7S0 

26,750 

III 

1 1,911 

Si 

8.625 
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0.217 

19.48b 

20.000 ' 

III 

9-413 


7.000 

6.53^ 

0.231 

16. 699 

17.000 ' 

n'i 

7.664 

5 i\: 
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5.192 

0.154 

8.792 

9.000 1 

14 

6.078 


DkI\H 1’11’H. 


H : 37-499 
i 28.536 
[ 6.461 
4S ; 10.225 
4i I 6.200 


I 

1 

i 2 ' 75 o i 

12.090 


43-773 

45 - 3 . 3-8 

S 

13-9.50 

6^; 

47.220 

12 

1 12.7,50 1 

12 . (XX) 

0 .? 7 .S 

49-562 

51.067 

8 

13-950 

66 

47.220 

10 

10.750 ' 

10. 30 

0.307 

34.240 

35.628 

8 

11.950 

66 

40.108 

10 

10.750 1 

10.020 

0.365 

40.4S3 

41.785 

8 

11.950 

66 

40.108 

8 

8.625 

7.y8l 

0.322 

28,554 

'-’ 9 - 303 

8 

9-.5S8 

66 

24-343 


8.625 ' 

7.917 

0 ' 3 .i 4 

31.270 

32-334 

8 

i 9.882 

66 

3L320 

6 

6-625 j 

().o(i5 

0. 280 

1S.9-/4 

19.408 

8 

i 7-473 

si 

13-956 

4 S 

5.000 
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0. 247 

12.538 

12-758 

8 

; s-723 

Al 

7-439 


C’alifornia.n PX C\''IN(. (Medium Weights). 


13.000 

12.360 

0.320 

43 - 33 .'> 

45 ooo j 

10 

! r ' 

■ 14. 116 1 


54.508 

10.75(1 1 

9.C)02 

0.424 

4b. 7 60 

48.000 1 

10 

11.866 1 


45-365 
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7-775 
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37.220 

38.000 1 

10 

9.627 1 


133-096 

7.000 ! 
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27-731 

2S.000 

10 

7.6981 

7 fi 
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Calikornia.n Drive I’ii'e. 


4^ 

5.(X)0 

4.506 
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12-53^^ j 
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10 
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64 10.7,34 

4-^ 

1 5 000 ; 
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i 

14.493 j 
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10 

5-92J 
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Inskrteh Joint ('\sin(.. 






1 

Without Couplings. 


• l.ength of 
Joint. 

Diameter of 
Swelled Fart. 

I2i 

1 

13.000 ' 

12.4S2 

0.259 

35-1 

1:43 

11-^ 
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j 
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I l.(X)0 ; 

10. .5,53 

C.224 

25.780 

11.'. 
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96 

' 10.(X)0 1 

9.582 ; 
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21.S55 

iiA 
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10.284 

S6 

; 9.000 1 

8.608 : 
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1-673 

9.258 

7) 
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7.263 

0. i8i« 

14.390 

14 

1-505 

7.877 

6a 

! 7.000 1 

6.652 ; 

0.174 

12.685 

14 

1.442 

7.238 

56 

6.000 ] 

5.620 1 

0.190 

11.789 

11^ 

1-373 

6.246 

4i 

4.500 i 

4-216 j 

1 

0.142 

6.609 

14 

I. 192 

4.674 


9 
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another has been kept in view, a common practice when moderately 
strong casing is necessary being 121 in., lO in,, 8j in., 6J; in., 
5/,- in. nominal internal diameter. This gives an actual reduction 
in diameter of yh in. in four columns, an average of 1.87 in. for 
each string. The table on p. 415 gives the main propertie.s of 
standard American common types of casing and drive pipe. 
Where there arc .several thicknesses of one nominal sized piping 
the external diameter is maintained, so that casing elevators and 
other appliances for handling casing need not be varied in size. 
The small difference in internal diameter calls fur no modification 
of the tools. 

The initial and completed diameter of wells varies greatly. 
Deep Russian wells arc commenced with casing up to 3 ft. 6 in. 
diameter to ensure a finished size that will admit fair-sized 
bailers. Diameters of 2 ft. 6 in. are fic(]ucnt in Koiiinania, 
where bailing is the customary means of exit acting oil. hut in 
other countries 12-18 in. is a more popular size. When wells 
are pumped, finishing diameters of from 4-6 in. are ample to 
permit the in.sertion of ijumjis that will ensure the full yield of 
the wcl'. 

Riveted or Stove Ripe Casini;. - Where lining tube- of large 
diameter arc required it is customary to use riveted sheet-iron 
casing. The manufacture of this tygie ot casing has been largely 
conducted in Roum-ania, and perfected in the Caucasian oil-fields 
of Russia, where from 40,000 to 50,000 tons are annually u.sed 
in sizes from 42 in. downwards. Riveted casing has been made 
as small as 6 in. in the Ruissian fields, when all screwed tubes 
had to be imported against a heavy import duty, but more 
generally sizes below 12 in. are now of the screwed variety, 
and in many cases a special type of screw'ed casing is used 
running up to 14 in. in diameter. 

Russian casing is made by cutting sheets of in. iron 
into the requisite size, and after punching and counter-sinking 
the holes on the inner side and rolling into shape, riveting up 
the vertical lap-jointed seams by a double or treble row of 
rivets placed zigzag. The tubes are usually made in lengths 
of 4 ft. 8 in. (2 arsheens), and at one exj;reraity a rolled strip 



Coupling Riveted Casing 


417 


which a corresponding taper wedge block slides. This latter 
wedge block is connected by a rod to the surface cross bar into 
which it is screwed with a square thread, the lower end of the 
rod rotating freely in the wedge bhjck. The suspension rods 
are just the correct length to allow the cast-iron segment blocks 
to lie against the collar to be riveted, and by .screwing the central 
spindle in the cross bar the wedge block 
is drawn upwards, forcing the .segments 
outwards against the inner face of the 
casing. A few blows from a hammer on 
the casing where touching the iron blocks 
en.sures perfect contact at all points : 
then riveting may be commenced. 

The rivets arc specially made from 
soft iron for the work, a.s, of course, under 
oil-field conditions they have to be 
hammered cold ; and at one end they 
have a V-shaped recess which leaves a 
sharp circular edge. When the rivets 
are driven against the block, the fine rim 
of the iron e.xpands and fills the inter¬ 
nally countersunk hole, whilst simultane¬ 
ously the .spare metal on the outside is 
being hammered into a head by the 
riveters. 

When all the holes arc riveted up 
on the blocks, the central spindle is re¬ 
leased, and the blocks turned to a new 
position. The operation is then repeated, 
two men usually being employed on 
each side of the blocks at the same time. If the tubes are 
connected in longer lengths, the suspension rods and central 
spindle are replaced by longer ones, and for other sizes of casing 
suitable cast-iron segment blocks are attached to the apparatus. 

Table XV. gives the particulars of riveted lining tubes 
with 12-in. collars made of -jjj, ], and /j in. iron, as used in 
the Russian oil-fields. 



Kig. 89.—Riveting liiock. 
(Inset section of rivet.) 
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Easing Shoes 

Sometimes “double” riveted casing is made which really 
consists of a tube and collar in which the latter is equal in length 
to the former, but when riveting the two tubes together, one 
is made to extend about 12-16 in. beyond the other to form 
a collar to which the next tube can be attached. Table XVI. 
gives particulars of the .sizes of iron, weights, etc., of such double 
tubes. 


TABLE XVI.—Particular.s of Double Riveted Casing. 

(All weiglus in poods.) 





Weight of 

Wei^jhl of 

Total 

Weight 


Sl/f of 

Size of 

Outside Tube. 

Inside Tube. 

Weipht. 
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lube. 
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Tube. 

Tube. 

iV in- 

iin. 

nr in- 

iin. 

in. 

iin. 

A in- 

iin- 

Inches. 

Inches. 

Inche.s. 









12 

56x43 

56x41 

3-5 

4.6 

3-3 

4-4 

6.8 

9.0 

10.2 

13-5 

M 

56x49 

56x47 

4.0 

5-3 

J.8 

5-1 

7.8 

10.4 

11.7 

15.6 

j 6 

56x55 

56x53 

4-5 

5.9 

4-3 

5-7 

8.8 

I r .6 

13.2 

17-4 

IR 

56x61 

56 X 59 

5.0 

6.6 

4.8 

6.4 

9.8 

13.0 

14.7 

19-5 

20 

56 y 68 

56x66 

5-5 

7-3 

5.3 

7.' 

10.8 

14.4 

16.2 

21.6 

22 

56x74 

56x72 

6.0 

8.0 

5.8 

7.8 

u.S 

15.8 

' 7-7 

23-7 


The Roumanian riveted casing ranges from 16-24 bi. in 
diameter, and is made in in. iron. Some of the casing 

is made with the vertical seam butting and held by an outside 
strap riveted on. Welded casing is now often used, a welded 
collar alone being attached by riveting. 

Casing Shoes. —The base of the bottom joint of a column 
of casing is generally protected by a steel shoe with cutting 
edge, thus pre. 5 erving the casing from damage and enabling 
obstructions to be pas.sed. For light shallow duties a turned 
welded steel collar with case-hardened cutting edge is either 
screwed or shrunk on to the casing, and sometimes additionally 
secured by riveting in place. For heavier work solid drawn steel 
shoes such as illustrated in Fig. 90 are used, the larger, heavier 
type being employed in difficult inclined strata where severe 
strains are thrown on the shoe in passing obstructions of hard 
and often steeply inclined bed.s. Sometimes a shoe with serrated 
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edges, as Fig. 90, is preferred for more effectively shearing side 
boulders or other impediments. The longer shoes always afford 
greater facilities for excluding upper water by being driven firmly 
into an unreamed impervious stratum struck at a convenient 
point. 

Methods of Ensuring Freedom of Casing. —Until recent 
years bore holes were drilled by tools passing freely in the lining 



Casing Shoe (taper thread) 



Drive pipe shoe 



Fig. 90.—Typeb of Shoes. 



Male Screw drive head Female Screw drive head 



Fig. 91.—Typical Drive Heads. 


Drop drive head 


tubes, thus making a hole rather le.ss in diameter than the 
internal diameter of casing, and reliance was placed entirely upon 
driving the casing, compelling the shoe to cut out a hole to 
the desired diameter. This unscientific work is becoming less 
and less practised, but at times a few judiciously applied blows 
will release a column of tubes obstructed by some detached 
material. The usual drive heads are illustrated in Fig. 91, 
Obiection to the use of the middle design, lies in the fact that the 
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Keeping Casing Free 

collars are generally screwed on to the casing by power in the 
shops before delivery, and their removal is difficult and takes 
time. The .sliding of the column on to the top of the clamp would 
also entail much delay and po.ssible danger in replacing the drive 
head by the collar. If a column of casing only requires a slight 
tap to drive it past a hard streak, there is no necessity to attach 
a drive head. In place of the drive head a pair of large wooden 
drive clamps are attached to the auger stem directly under the 
iron drive clamps : these wooden clamps are to protect the collar 
of the drive pipe. 

With the hollow drive he.ids a monkey may be u.sed, guided 
by a spindle passing through tlie head, but in cable drilling it 
is usual to attach a heavy pair of clamps to the drill stem, 
which is then operated as in “ spudding,” the force of the blow 
being determined by the speed of running and length of stroke. 
When droj) monkeys are used any simple contrivance is fi,Ked 
up which will enable the monkr^' to be released after being 
raised to a height determined by circumstances. The monkeys 
may be iron-bound hard wood or cast-iron blocks. Sometimes 
it is preferable to press casing instead of driving, and such is 
always the case when riveted casing is used. h'ig. 92 shows 
an appliance for pressing tubes. Hydraulic or screw jacks placed 
between a suitable disc head and anchored beam will achieve 
the same end. 

A column of tubes is usually kept free in caving ground by 
repeated lifting and lowering on the pulley blocks every time a 
new length of tubing is inserted, but when progress is slow the 
same performance is undertaken several times daily when cleaning 
out the hole. Release of a gripped column may sometimes be 
effected by pumping water into the well until the pressure causes it 
to rise outside the column, thereby loosening the accumulated 
sediment. At other times it may be necessary to raise a number 
of lengths before complete freedom is obtained and work may 
be safely resumed. 

If a column is stuck tightl)’ it may possibly be loosened up by 
filling the hole with water, and then taking a strain on the column 
with hydraulic jacks. After being left so for two or three days, it 
may often be pulled witfi ease, 
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So much depends upon the maintenance of freedom of a 
column of tubes in drilling that means for securing this end acquire 
an importance that is only appreciated by those who have con¬ 
ducted drilling in strata of a caving nature like those in the 



Fig. 92.—Sketrh showing Arrangement for Pressing Casing, Jacking 
Casing, and Centring Apparatus, 


1. Screw with swivel head working in C.I. disc that sits on casing collar. 

2. W. I. clamps for jacking. 

3. Hydraulic jacks. 

4. Centring device, with plumb hoh on top. 

oil-fields of Russia, Roumania, California, and Burma. Days and 
weeks may be passed in patiently cleaning out cavings that are put 
in motion each time the column is moved, with the absolute 
knowledge that failure to overcome the trouble and pass • the 
troublesome spot will endanger the work tlready performed, ’ To 
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bwinging bpider 

the need for keeping casing free is largely attributable the 
customary continuance of night work in oil drilling, prolonged 
inactivity nearly always endangering the column in certain strata. 

Mud flush circulation in the presence of rotary or cable tools 
has done much to reduce the troubles alluded to. Not merely does 
mud exercise a less solvent action on sedimentary beds, but its 
higher density causes it to better sustain the walls of the well if 
they are inclined to cave. The lubricating property of puddled clays 
must not be overlooked in this connection, whilst some actual 
plastering of the walls may occur when the casing is put in motion. 
Notwithstanding the use of mud, it is upon skilful manipulation 
of a column of casing that reliance is still largely placed for the 
realisation of a fair sized hole at depth without starting with too 
large an initial diameter. 

Automatically operated hydraulic jacks have been u.sed to .some 
extent in a shaft beneath the derrick floor, the casing by this means 
being alternately raised and allowed to fall back during the pro¬ 
gress of drilling. There are, however, so many objections to the 
installation of plant in a shaft that the process has never become 
popular. 

What is known as the “ swinging spider” has been successfully 
introduced into (.'alifornia, where caving difficulties greatly ham¬ 
pered the insertion and freedom of casing in efforts to reach deep 
oil sources. With the aid of this apparatus whole lengths of casing 
can be in.serted when carrying the casing instead of introducing a 
succession (T short nipples. A shaft about 8 ft. square is sunk 
beneath the derrick floor, and lined to a depth of 2l ft., and at 
the base are fixed two concrete or hard wood sills, wide enough 
apart to allow the largest casing used to pass between, upon 
which sills the lower supporting spider rests. The cellar is 
timbered round the sides and base, and a ladder is fixed for 
the descent of attendants. 

When commencing a well, or when not in use, the swinging 
spider is left reclining again.st the side of the derrick till required. 
The lower spider in the shaft is allowed to take the weight of the 
column when lowered, whilst the elevator is replaced by the so- 
called swinging spider, consisting of two long straps that pass on 
either side of the wallfing beam, and act as the suspension medium 
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between the travelling block and the swinging spider. When 
lowering or raising the tools or cleaning out the holes the slips are 
released, the spider lowered, and the suspension rods are allowed 
to rest against the wall of the cellar, but when the tools are again 
slung from the walking beam the spider is raised, the slips inserted, 
and the weight thrown on the block. Some spiders are fitted with 
rope-sheaves and suspended by steel wire lines. 

By this means it is possible to manipulate casing at will, and 
move it with the aid of the calf wheel as frequently as is found 
advisable by experience to ensure the freedom of the column. 
During the operation of cou])ling a new length of casing, the slips 
are placed in the lower stationary spider to support the column 
till a new length is screwed on and the swinging spider again 
attached (see Fig. 51, Chapter VII.). 

The precaution should be taken of resting the clamps supporting 
each column of casing on wooden blocks, which prevent each siring 
sustaining the full weight of the smaller string should it slip. 

Casing Clamps and Elevators. —Fight columns of socketed 
tubes are suspended and handled by simple wrought-iron or 
wooden clamps, but heavier, longer columns demanding frequent 
manipulation require fittings more easily and quickly handled. 
What are commonly known as elevators are illustrated in Fig. 93. 

Fig. 93, A, illustrates a pattern of elevator that can only be 
opened up when the suspension links are lowererl. 1 he class 
illustrated in F'ig. 93, B, can be opened without lowering the links 
and is more useful where it may be necessary to disconnect 
or connect high up in the derrick, as in rotary drilling. Both 
types slide freely over the casing and have a safety locking 
device which prevents them being opened whilst the collar re.sts 
on the upper edge. 

Flu.sh or in.serted jointed tubes are supported in the derrick 
by wedge rings or spiders, such as shown in Fig. 94. These 
spiders are used when jacking up columns of casing, and are ol 
very heavy construction. 

Cutting and Removing Casing.— When a well has been 
(.completed, and .several columns of casing have been used ir 
its construction, it is obviously to the proprietor’s advantage 
to recover as much as possible. If no‘service further than 




P'to- 93-—Casing Elevators. 

A. Type that can imly Ite opened by loweting the links. 
Ik ,, ,, be opened without ,, ,, 



Fig.^4.—Casing Clamps and Spider. 

A. Iron Clamps. H. Wooden Clamps. C. Spider or Wedge Block 
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supporting the wall of the bore hole until the completion of the 
well has to be performed, all the casing, with the exception of 
the last column, should be jacked up for future use in other wells. 
Unfortunately, in many cases the casing becomes firmly gripped 
and cannot be wholly recovered, under which circumstances the 
tubes can be cut and removed from the point where they do 
not come into contact with the side of the well, but are protected 
telescopically by the preceding larger column. The tubes are 
cut by lowering a special form of cutter on rods or tubing to the 
desired position, the rotation of the rods or tubes at the surface 
causing both the rotation and expansion of the cutters below. 

Columns of casing are sometimes arranged for severance at 
some projected point, prior to insertion, thus removing the necessity 
of using cutting appliances. This is done by leaving a well- 
lubricated joint less tightly screwed up than the remainder, or 
providing a left-handed thread at the desired point. Even under 
normal conditions of work where the joints have been consistently 
screwed up, it is sometimes possible to unscrew a joint some¬ 
where near the desired point. This is accomplished by unscrewing 
after taking the weight of the column on blocks or jacks. Accord¬ 
ing to the power applied, there is always one joint rn which friction 
is less than the others, that is where the weight of casing and 
tension applied are equal, this consequently being the easiest joint 
to disconnect if all are equally screwed up. Llnsciewing under 
high tension generally assures the severance of a column near its 
base. 

The cheaper tube cutters of inferior types, of which C (Fig. 95) 
is an illustration, are not positive in action, but the more perfect 
tools are positive and absolutely reliable in practice. 

A serviceable type of tube cutter which is largely used in 
the Russian oil-fields for cutting riveted lap-jointed casing where 
the work is somewhat severe in having irregular cutting and two 
thicknesses of metal to cut through at the point of lapping, is repre¬ 
sented by A and B (Fig. 95). A combined guide and grip head, 
holding a screw nut in which the spindle rotates, is kept from re- 
.volving when the rest of the apparatus is rotated, by spring wheels 
which catch against the vertical lap joint of the casing! When"a 
welded casing is used this guide is kept stationary by springs 
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of a somewhat different design. In the body of the apparatus 
are three sliding jaws fitted with horizontally placed steel roller 
cutters, which are kept back against the centre spindle by small 
springs. When the rods at the surface are turned, the whole 
apparatus revolves with the exception of the guide, and at the 
same time the central tapered cone spindle is drawn downwards 
by its lower threaded portion working in the nut in the guide. 
Consequently, as the tool is rotated, the cutters are slowly forced 
outward until the maximum diameter of the tapered spindle is 
reached and the tube has been entirely severed, after which, by 
continuing the rotation longer, a recess in the spindle allows the 
jaws to return to their original position. The exact point when 
the operation is completed is known by counting the number of 
revolutions. 

Koth of the above cutters suffer from the objection that their 
efficient employment is restricted to tho.se cases v here the tubing 
has suffered no distortion of shape, but in practice the tubing 
is sometimes slightly oval in the vicinity of the projected cut. 
This difficulty has been surmounted by an hy'draulic cutter. It 
is the most perfect instrument of its clas.s that has yet been 
introduced. By its use it is possible to completely cut the 
casing, even if it is squeezed into an oval form at the point of 
cutting. 

In the head of the tool is arranged a circular clutch vvith ratchet 
teeth, so that if the upper half of the clutch be rotated in one 
direction by turning round the boring rod, the ratchet teeth slip 
over each other, and the lower half remains stationary; while if 
the upper half be rotated in the reverse direction, the ratchet 
teeth engage, and the lower half is also rotated. 

The second portion of the tool consists of a hollow cylinder 
connected to the lower half of the clutch, in which works a solid rod 
attached to the upper half. This second portion is provided with 
external guides to centre it in the tube. Below this comes the 
cutter proper, consisting of a removable cylindrical body, in which, 
are three or more horizontal cylinders arranged radially. In these 
cylinders, which are in communication with the pressure cylinder 
above, there work three or more hollow pistons open at one end,' 
and having circular steel cutting discs mounted in them so as tt) 
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project beyond the cylindrical body. At the bottom is another 
set of guides and gripping rollers. 

The pressure cylinder having been filled with liquid, which is 
preferably the same as that in the bore hole, and the cutter pistons 
being withdrawn into the cylindrical body, the tool is lowered 
down to the requisite depth. The boring rods are then rotated in 
such a direction that the ratchet teeth slip; and the lower part of 
the tool remaining stationary, the solid rod will be forced down 
into the liquid in the pressure cylinder, and consequently the cutter 
pistons will be forced outwards, until the cutting discs bear against 
the inside of the tube to be cut. On then reversing the direction 
of rotation, the ratchet teeth engage with each other, and the whole 
tool is rotated in the tube, the cutters doing their work. When 
the cut has been completed, the solid rod is forced still further 
down into the pressure cylinder, and the whole tool can be with¬ 
drawn from the bore hole. 

-Another form of casing cutter of American design has a body 
very similar to that of others in respect to the cutters, but it is 
lowered into the well on tubing, and the cutters arc pre.ssed out¬ 
wards by a weighted, tapered spindle, which is suspended by a 
wire rope inside the tubing. The tapered spindle coming into 
contact with the inner ends of the cutter holders, forces them 
outwards when weight is thrown on to the spindle by slackening 
the rope. C, Fig. 95, shows this type. 

When cutting casing, the column should be kept in a state of 
light tcn.sion by jacks, so that separation takes place when the 
severance is nearly completed, thereby preventing the breakage 
of the cutters through the weight of the cut tubes being thrown 
upon them. 

Casing is sometimes .severed in wells by exploding a charge of 
explosive at the desired point, and at other times the casing is 
split with a slitter at the collar, so that a pull on the column 
causes the threaded portion to collapse. 

Recovering Lost Qasing. —In well boring a column of casing 
sometimes falls through carelessness or accident in lowering, or 
parts in the we'l through a faulty socket or screwed end ; it may also 
become severed through damage. A common class of appliances 
for recovering casing that cannot be reached from the surface is 
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A. Trip Spear, Jlcndcrson'b type, for 

use on Cable. 

B. Positive Acting Spear fur use on 

Rods. 

C. Bull-Dog Type which cannot be 

released. 

I), Tempered Screwed Nipple and 
Die for fishing Casing. 
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Fig. 96.—Casing Spears. 
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known as a casing lifter or spear. These tools are often used in 
assisting to free tight columns of casing by taking a hold deep 
down in the well. The simplest form of tool is shown in Fig. 96, C 
but its employment must be confined to columns known to be free 
as it cannot be released when once a hold has been established. 

An exceedingly .serviceable and safe tool is illustrated in 
Fig. 96, B, where all the main features are .self-apparent. The dogs 
are expanded by rotating the rods or tubing upon which the tool 
is lowered, and they may be released by a reverse movement. 

Cable drillers largely rely upon a type of spear which is lowered 
on a wire rope and operated by long-stroke fishing jars. Great 
ingenuity has been displayed in the dc.sign of American tools for 
this work, and whilst lacking the obvious advantages attached to 
the U.SC of rods, they arc in general and popular use. These 
American .spears rely upon a trip movement which frees the 
dogs or slips when an upward pull is applied. Henderson’s spear, 
illustrated in Fig. 96, A, is an example of the class. The tool is 
set by forcing down the slips tih a connecting bar, loo.scly con¬ 
nected to the slips, forces a central s[)indle against a powerful 
spring into a position where a spring catch lightly engages in a 
groove in the spindle and keeps it under the pressure of the 
spring in that position. The slips arc then free to slide on the 
tapered body, and during insertion they rise through friction with 
the sides of the casing to a point where the descent is free, but at 
any moment a grip can be taken by lifting' the rope or rods on 
which the tool is being lowered. The act of lifting causes the 
central spindle to come into contact with the cross bar, thus 
releasing the lightly held spring catch. Should it be desired to 
release the spear, a few downward strokes of the Jars releases the 
pressure on the casing, and the central spindle pushes the slips 
upwards beyond the possible point of further grip. 

The delicacy of the trip is one of the objections to its u.se, a 
slight resistance in its descent, such as might be occasioned by a 
collar or small distortion of the casing, causing the spear to trip, 
thus rendering it necessary to raise it to the surface for resetting. 

Lost casing may be recovered by lowering on a string of 
casing a steel screwed nipple or die (Fig. 96, D). When a firm grip 
has been establishectjarring is commenced, and success sometimes 
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rewards efforts after many hours and even days of constant 
hammering. A glorified bell socket, such as illustrated in 
Fig. 72, H would prove effective. 

Perforating, Punching, and Slitting Casing. —“Frozen” (using 
a driller’s expression) casing can .sometimes be recovered by per¬ 
forating or slitting the casing at a point where sand or other caving 
material is firmly packed around. It is also necessary at times to 
make perforations to allow higher and excluded fluids to enter the 
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97*—Casing Slitter and Perforator. 


well. Holes may be punched at selected points by using the tool 
shown in Fig. 97, C. This is lowered on rods or tube.s, and a 
perforation is made at each ascent or descent of the tool. The 
punch may be round, square, or qf other shape, provided its 
design ensures clearance and release after perforation. Clean 
perforations may not be possible with such a tool, as there is no 
hard body to act as a die, but they equally well answer their 
purpose. 

A more complex and perfect tool is that shown in Fig. 98,. 
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whereby holes may be drilled in the casing and a clean disc be 
abstracted. The rods or tubes upon which it is lowered to the 
desired point are rotated by a light steel rope driven from some 
part of the boring rig. 

The tool consists of a machined C.I. body suspended by ball¬ 
bearings, to minimise friction, from a column of tubes or rods 
Two bevel wheels in the 


upper part transmit 
motion from the rods to a 
train of .spur wheels 
mounted on .successive 
spindles in the body. 
The second spindle carries 
an annular cutter or mill¬ 
ing tool which, by the aid 
of a feather in the gear 
wheel, permits its lateral 
movement whilst being 
rotated. Spindle three 
acts as a base for a ful¬ 
crum of tlie feeding lever, 
as well as an axis for 
one of the train of wheels 
which operates the lowest 
screwed spindle at a low 
speed. Attached to the 
base of the apparatus is a 
gripping device for keep¬ 
ing the tool from rotating. 
On its upper edge is a 
ratchet that is locked dur- 



Kig. 98.—Casing Perforator Designed 
to Pierce One nr More .Strings 
of Casing. 


ing working by a small .spindle held into a recess by a light spring. 
When the rods are rotated to -the right the cutter rotates, and is 
fed forward by the feed screw on the lowest spindle. On reversing 
the motion of the rods, aft\;r the work' is accomplished, the lower 
extension of the feed nut strikes the lever of the grip device, when 
the milling cutter is drawn back inside the body of the tool, and 
raises the pin which alpne prevented the ratchet operating. The 
*8 
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whole tool can then be revolved to the left and advanced a tooth, 
thereby enabling a second hole to be drilled at another position in 
the same horizontal plane. 

Tools of the above description can be designed to perforate 
several columns of casing at one operation, a procedure quite 
impossible with all forms of punche.;. Likewise holes can be 
drilled with these tools through annular rings of cement. 
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A. Adjiistalile Roller Swcdge. 

K Common (orm of Drift, wlierein 

the botly is fluted to allow ^ 
litjuid to pass in its descent or 
ascent. 





C. Swetlge with adjustable discs, 
Hy adding addilional larger 
discs to the middle nf the 
spindle the diameter is in- 
crea.sed. The discs are usually 
grooved to enable *iie passage 
of the tool in liquid. 
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Fig. 99.—Casing Swedges or Drifts. 


Vertical perforations or slits may be made in casing by 
employing a tool such as that shown in Fig. 97, A. 

Repairing Damaged Casing.— Lining tubes frequently get 
bulged or pressed oval by unequal lateral pressure, thus preventing 
the descent of drilling tools. If no fracture has been sustained, and 
the removal of the casing is a long ancf dangerous procedure, such 
damage can generally be repaired by driving swedges or drifts 
past the faulty spot, the steel bodies being fluted to allow of their 
passage through liquid. Fig. 99, B and C, fhows varieties thalt Can 
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be operated from rods or cable with the interposition of a set of 
jars, or a free fall to give a release blow after its descent. That 
shown in Fig. 99, C, can be adjusted by the addition of discs to suit 
a number of sizes. 

A better type, which is le.ss severe in its treatment of the 
casing, is shown in Fig. 99, A, where three rollers rotate on spindles 
excentrically mounted. The instrument is lowered on rods or 
tubing after being adjusted for the desired diameter, and whilst 
being raised and lowered through the collapsed spot it is rotated 
to equalise its action. As progress is made the tool is rafsed, the 
rollers set out, and the operation repeated till the full diameter is 
reached. 

Separate rollers are kept for different sizes of casing within 
certain limits allowed by the strength of the body. 

Testing Verticality.—Absolute verticality of the well in the 
initial stage of operations is essential, and a guide pipe or conductor 
is generally carefully set vertically to secure this end. When a 
depth of from 100-200 ft. is reached a test is often made, 
especially in wells of large diameter, to a.certain that all is right, 
and for this purpose .some such apparatus as that shown in 
Fig. 92 is used. It consists of two discs separated by rods and 
held central in the tube by spring roller guides. On the upper 
surface of the top disc is a layer of some plastic sub.stance which 
will readily retain an impression. When this apparatus has been 
inserted to the desired depth on light lines, a plumbob is lowered 
on a cord from the surface over a pulley set at the centre of the 
tubes to near the di.se, allowed to steady itself, and then gently 
lowered to imprint a dot on the disc. The location of this 
impression indicates any deviation of the bore hole. 

Any departure from the vertical is intimated by lack of freedom 
of movement of the column of tubes when not obviously attri¬ 
butable to cavings, and to a less free movement of the tools when 
the hole is clean. Deflection is remedied by lifting the tubes 
to a point where their vertical and rotary movement is free, 
filling up the faulty hole ^vith pieces of rock, and cautiously re¬ 
drilling. 

A beam of light can sometimes be projected into the casing 
by a pair of mirrors adjusted to give the proper degree of reflec- 
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tion, when deviation can be observed if the well is not too 
deep. It is also a common practice to lower several lengths of 
casing only slightly less than the diameter of the well, when 
lack of freedom indicates curvature, provided tools rotate freely 
to the bottom. A long bailer is sometimes used for this 
purpose. 

Sand Screens or Strainers. —The greatly enhanced cost of 
extracting oil contaminated with sand has led to the introduction 
of various contrivances for effecting its .separation. Suspended 
sand cuts away valve.s and plungers of pumps so rapidly that their 
constant removal and repair entail a serious expense, yet where 
oil exi.sts in loose sands, or sandstones that readily disintegrate, the 
problem is not easy. Various types of pumps have been designed 
to diminish the wear and tear occasioned by sand, but naturally 
the source of the trouble should be attacked in preference to 
seeking a partial remedy. Trouble is not confined to the excessive 
destruction of plant, for the sand accumulates in the wells and 
impedes the free admission of oil, entailing periodical cleaning of 
the well to ensure the maximum yield of oil. 

Sand screens were invented to solve the above described diffi¬ 
culties. There are several forms in the market, and their employ¬ 
ment has been attended with sigral success in some fields of the 
United States. The earlier type consi'^ted of bm.ss cylinders 
pierced horizontally at clo.se intervals with fine slots, the internal 
edges being chamfeVed, leaving a fine outside edge (see Fig. too). 
Screens were attached to the column of tubes and immersed in the 
sand. Fine particles of sand at first enter, but in the course of a 
few days the larger grains pack themselves around the .screen in 
such a way that they create a natural filtering medium, and hold 
back the finer material. 

. Cheaper, stronger, and more effective screens were subsequently 
introduced, con.sisting of a specially rolled wire which could be 
tightly wrapped round a perforated piece of ordinary casing, and 
soldered at intervals (.see Fig. lOo). Any desired fineness of slot 
could be made to .suit the grade of sand encountered in the wells. 

The employment of sand screens is naturally restricted to 
certain conditions, and their indiscriminate use may involve various 
losses of production, The presence of high gas pressures will 
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cause a sand-blast action which will cut screens to pieces in a few 
days, and particles of clay, if present, will quickly plug the fine 
orifices and render them ineffective. One representative case could 
be alluded to where a sand screen had been set under the author’s 
notice and the production gradually declined to nil. It was quite 
clear that the oil .sand wa.s not exhausted, and the known occurrence 
of much clay with the .sand suggc.stcd that as the po.ssible cau.se. 



Wire Wtmnd. Inscrlcd SloUctl Discs. Milled Slots. 

Fif;. loo.—Sand Screens. 


On withdrawing the screen, oil and .sand rushed into the well, and 
the well flowed vigorously at intervals for some time, yielding about 
15 tons (105 barrels) daily. 

Whilst the judicious use of sand .screens may be very beneficial 
in special cases, their uje is often a doubtful blessing. Dense 
asphaltic oils impregnating loose .sands do not flow readily, and the 
best yields are obtained by inducing a movement of sand, and en¬ 
couraging around the base of the well a region of diminished 
density into which oiP may percolate from the surrounding strata. 
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The cost incurred and. time occupied in removing the sand may be 
irritating, but the subsequent higher and more sustained yields will 
well compensate for patience in the early stages. 

Wells yielding light density oils of no great viscosity can be 
treated with sand screens for pumping if the sands are troublesome, 
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Fig. loi. 
Wash Plug. 



Fig. 102.—Method of Flushing in 
and .Setting Sand Screen. 


but even under these circumstances they may prove prejudicial 
and a source of eventual loss. Few operators in Roumania or 
Baku would deny the loss wells would sustain by any device to 
restrain the inflow of sand, at least in the initial period of their 
productive lives. It is the wells that yield most sand that are 
usually the largest eventual producers. ‘ 

The Mclvoy wireless well strainer is constructed by the insert’ior 
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of slotted metallic discs in lengths of perforated pipe. The disc 
may be slotted to any desired gauge, and it is claimed that they 
are thus afforded a protection, and given a strength unattainable by 
other varieties of screens. 

Screens are inserted in loo.se sands by means of a wa.shing plug 
that enables them to be washed to their destination and set. A 
typical wash plug is shown in h'ig. loi, where it will be seen that 
a back-pressure valve is fixed between the shoe and the screen, 
and an inner pipe is arranged to cau.se the flow of water or mud 
beneath the shoe till set. After lowering into position the wash 
tube is raised till a collar comes in contact with the cast-iron di.sc, 
when by recommencing circulation the screen can be washed out 
internally prior to its final abandonment. Other equally good 
arrangements will suggest themselves to any engineer. 

Fig. 102 shows an arrangement for washing down and setting a 
sand screen when the material is not readily cleared. A fish-tail 
flush bit is attached to a strip of casing below the screen, and at a 
point above the .screen, sufficiently high to be in.side the shoe of the 
preceding column, a left-handed thread i.s provided which enables 
the upper part of the casing to be unscrewed and removed at will. 
A diaphragm or disc at a joint above the left-handed thread enables 
the sand screen to be flushed clean after insertion, by simply raising 
the 2-in. wash tubes till the lower collar is in contact with the di.sc, 
the flush water then being able to pass through the perforations of 
the screen. After removal of the casing the lead seal may be ex¬ 
panded and driven into the space between the upper part of the 
screen or tube and the preceding column of tubes, to prevent sand 
finding admission to the interior of the screen through this channel. 



CHAPTER IX. 

EXCLUSION OF \ ATER FROM OIL WELLS. 


Injurious Effect of Water in Petroleum Fields—Exclusion of \\ater by Casing 
—Packers—Cementing Process of Excluding Water. 

Injurious Effect of Water in Petroleum Fields. —There arc few 
oil-fields where w'ater-bearing' beds arc not found dispersed amidst 
the oil-bearing strata, or to which water does not find admission, 
in some quantity, when the beds have been dLstnrbrd by titimcrous 
bore holes and by the abstraction of great volumes of petroleum. 
Time after time oil-fields of great promi.se have been abandoned 
after the expenditure of fortunes on fruitless ;ittempts to check “■ 
the apparently almost limitless volumes of water which entered the 
wells and displaced the petroleum as soon as its extraction was 
commenced. 

The location of water-bearing strata can usually only be 
ascertained by direct experiment, and the underground movement 
of water is influenced by' numerofs fault planes which frequently 
traverse oil strata where they have been folded and tilted into in¬ 
clined positions. As the great petroleum supplies of the world arc 
largely confined to porous sands, which lie intercalated between 
beds of clay or shales, it follows that any sandy layer not impreg¬ 
nated with petroleum will most likely be charged with water. In 
practice such proves to be usual^ the ca.se, and unless fairly thick 
impervious seams of clay separate the water from oil-bearing sand.s, 
much difficulty will be found in its exclusion from the latter. 

In the United States there arc examples of this in the flooding 
by salt water of Humble Pool, Texas, and of the reluctant aban¬ 
donment of Batson Prairie, Texas, rffter the early wells had given 
so much promise, and from which a production of 1,450,000 tons' 
of oil was obtained in the year 1904; and in Russia there is the 
abandonment of Berekei, where pioneer wells flowed for months at 
the rate of 80 tons of oil daily, and led to con.siderable lictivityin 
the district, but where nearly all wells werc^ subsequently floo^pd 
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by flows of hot sulphurous water after the oil was struck. Zabrat, 
a district of the Baku oil-fields, although proved by isolated flowing 
wells to contain great quantities of petroleum, was practically 
abandoned owing to the impossibility of excluding the water which 
permeates many of the intermediate strata, and floods the wells as 
soon as they are bailed. 

In Texas and Louisiana thick beds of water sand have to be 
passed before [icnetrating the oil series, and unless the water is 
totally excluded, the wells arc valueless. Many of the original 
wells in parts of the Baku oil-fields flowed water at a shallow 
depth, whilst in the western part of the Grosny field of Russia, 
a large [iroportion of the wells penetrate a stratum which flows hot 
sulphurous water in immense volumes, although good supplies of 
petroleum are found beneath when the water is isolated. Some 
of the Californian oil-fields have been almost ruined by admitted 
water after the reduction of gas pressure. 

When an oil source is .struck beneath a water-bearing stratum 
a moderate jiroduction of oil may be maintained for a while, even 
if the water is imperfectly excluded by the casing on account 
of the pressure of the oil, hut as .soon as the gas pressure 
diminishes, and the natural level of oil falls below that due to the 
head of the water, the latter enters the well and mingles with the 
oil. For a while an emulsified mixture of oil and water may be 
raised, but as the water increases in volume and cuts a passage 
behind the ca.sing, the oil is steadily replaced, and an increasing 
volume of water at length totally excludes the oil from the well, 
although the gas may continue to escape. As a rule the entrance 
of water has then proceeded too long to allow of any effectual 
measures for its exclusion, such as might have been undertaken 
when the well was first completed. 

The I0.S.S of a single well through negligence is not a matter 
of .serious concern to any one but the proprietor, but unfortunately 
the evil consequences of such work are not confined to the single 
well, as, with the [lartial exhaustion of the oil, water flows into 
the oil stratum, mingles readily with the oil, and on account of 
its less viscous character the mixture readily finds a channel to 
points where oil is being extracted. More cautious operators who 
have expended time *ind money in excluding water find it entering 
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their wells, and subsequently they are compelled to abandon them 
on the total displacement of oil by water. Often the innocent 
sufferer is unaware of the origin of the water, and in any case he is 
obviously unable to undertake any measures that would reach the 
seat of the trouble. 

It i.s often an exceedingly difficult and costly matter to prove 
the source of water that is observed in increasing quantities in 
wells, and for this reason there is a dispo.sition in oil-field centres 
to form local boards of reputable operators who sit in judgment 
on important cases. Sometimes these bodies are authorised to 
conduct investigations, and enforce or direct remedies at the 
expense of a fund subscribed by the community. Such com¬ 
mittees would have proved more popular but for the suspicion 
that powerful interests might sway unfair decisions that imposed 
insupportable burdens upon small operators. Under the guid¬ 
ance of an independent, disinterested president such dangers ‘ 
should seem remote. 

Water intrusions may result from a variety of causes not 
immediately realised. Casing may fracture or '•uffer corrosion in 
wells, and so admit previously excluded waters; or a perfect 
shut-off may become defective. Occasionally ;> landslide may 
cause water to enter partially exhausted oil sand through the 
medium of slip planes, formerly .sealed. This i.s of frequent occur¬ 
rence in oil-fields where great quantities of sand aie abstracted, 
thus removing hanging wall support; and dozens of wells may 
simultaneously develop water in great quantities, or the oil be 
replaced entirely by water. A problem of this kind assumes great 
importance, as the consequences are serious. Such an event 
caused considerable consternation in one section of theTustanowice 
oil-field of Galicia in 1913. 

Analyses of well water might aid in the determination of the 
source of water troubles at times, but this involves special know¬ 
ledge and careful selection of water samples, such as is rarely 
undertaken. The author has conducted experiments with fluof- 
e.scein and other colouring matter to discover the relationship of 
underground waters, but with inconclusive results. Some con¬ 
sideration was likewise given by the author to the application 
of electricity for locating deep-seated waters,* but the well casings ' 
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constitute such good conductors for electricity that the task 
appeared hopeless. 

In some oil-fields the presence of water is given an unnecessary 
significance, and quite needless operations are undertaken to effect 
the exclusion of harmless, and, perhaps, beneficial supplies of 
water. When strata liave slight inclinations only, and fractured 
zones are rare, sand lenticles of restricted dimensions can be 
quickly exhausted, a few days' heavy pumping or bailing often 
reducing the inflow of water to insignificant quantities. Wells 
yielding mixed oil and water, with the latter predominating, often 
have the proportion reversed in a few months, and thence onwards 
display a decreasing percentage of water. 

In many fields certain legislation has been invoked to enforce 
operators to adopt measures of safety involving the welfare of the 
whole district, but this can naturally only be of a limited description 
as subterranean movements of water are irregular and influenced by 
local structural features with whicti no one is acquainted. Measures 
of safety, too, may be so imperfectly executed that they are value¬ 
less, yet it is difficult to bring home any charge of negligence. 

Exclusion of Water by Casing. —Where the wells are of a 
moderate diameter, and welded screwed ca.sing is employed for 
lining, water can generally be totally excluded from oil wells by 
pressing the tubes into an impervious stratum above the oil bed. 
In unexplored territory, where little or nothing is known of the 
character of the beds, or of the depth at which oil sands will be 
struck, it is good policy to proceed as far ahead of the casing as 
possible with a reduced size of drill if water has been passed, so 
that if an oil source is discovered the casing can be driven or “set” 
in the most suitable stratum above the oil bed. Should no im¬ 
pervious bed exist near the oil-bearing stratum, one of the methods 
described hereafter must be employed for excluding the water, 
but by forcing the casing shoe firmly into a clay or shale a water¬ 
tight joint can usually be effected when the casing is good. The 
exclusion of water in thjs way often leads to a flow between the 
casings, and it is no uncommon sight in some oil-fields to observe 
oil flowing from the inner casing and water flowing from the 
annular space between the casings. 

Exclusion of wattr is rendered more perfect by the use of the 
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longer shoes now so commonly preferred by operators in deep and 
caving territory, and the officials of the American Bureau of Mines 
have suggested the employment of a series of collars on the bottom 
length of casing, thus producing the equivalent of a long shoe and 
increasing frictional resistance. 

A process which has been successfully applied in some oil¬ 
fields consists in forcing well-puddled clay behind the casings from 
below. On the point being reached at which it is desired to ex¬ 
clude water, and a suitable seating being establi.sHed, the column 
of casing is rai.sed some 10-20 ft., and balls of puddled clay are 
thrown into the well. A carefully constructed plug packer is then 
lowered on rods, and on being drawn back after passage through 
the .shoe a secure fit is ensured. The whole column of casing is 
then raised and lowered a few times in succession to flatten out the 
clay, then pressed by screws to its seating, forcing the cla)- firmly 
up behind the casing. The plug is sub.sequently di illed uji. 

Packers. —Water sources can often be effectively isolated by 
the use of packers, more especially where good screwed casing is 
used. In the early days packers were made by binding to the 
casing at the desired spot bags of meal or other cereals, and then 
lowering the column into the well. When the meal bags were sunk 
to a position below the water strata where fairly compact beds 
occurred, the contents gradually swelled by absorption of water, and 
formed a water-tight joint between the sides of the casing and the 
well. A somewhat similar use of hemii is sometimes made by 
binding strands around the casing at a point where the upper loose 
ends will just pass beneath the shoe of the preceding column when 
it is lowered. On drawing the column upwards after lowering 
beneath the shoe of preceding column, the ends of the strands are 
bent back and push the whole hemp into a bulky mass which 
presses against the .sides of the well as the casing is raised. Both 
these processes are merely temporary expedients, and it is usual 
to use specially designed packers which ensure absolute and per¬ 
manent exclusion of water if properly inserted in suitable strata. 

Many packers depend upon the resiliency of rubber to produce 
^ water-tight connection, the expansion of a rubber cylinder being 
usually performed by direct pressure, or by a tapered cone. One 
form of packer can be lowered on the pump tubes. The rubber is 
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constitute such good conductors for electricity that the task 
appeared hopeless. 

In some oil-fields the presence of water is given an unnecessary 
significance, and quite needless operations are undertaken to effect 
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local structural features with whicti no one is acquainted. Measures 
of safety, too, may be so imperfectly executed that they are value¬ 
less, yet it is difficult to bring home any charge of negligence. 
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moderate diameter, and welded screwed ca.sing is employed for 
lining, water can generally be totally excluded from oil wells by 
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In unexplored territory, where little or nothing is known of the 
character of the beds, or of the depth at which oil sands will be 
struck, it is good policy to proceed as far ahead of the casing as 
possible with a reduced size of drill if water has been passed, so 
that if an oil source is discovered the casing can be driven or “set” 
in the most suitable stratum above the oil bed. Should no im¬ 
pervious bed exist near the oil-bearing stratum, one of the methods 
described hereafter must be employed for excluding the water, 
but by forcing the casing shoe firmly into a clay or shale a water¬ 
tight joint can usually be effected when the casing is good. The 
exclusion of water in thjs way often leads to a flow between the 
casings, and it is no uncommon sight in some oil-fields to observe 
oil flowing from the inner casing and water flowing from the 
annular space between the casings. 

Exclusion of wattr is rendered more perfect by the use of the 
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(Fig. 103, A). It is possible to unscrew and remove the casing 
above the packer if considered expedient, and it is desired to leave 
packers so set when the well is put to pumping (see Fig. 103, A). 

Seals of lead or wood are sometimes used for excluding water 
by firmly driving a tapered ring of lead or wood into the annular 
space between the columns of casing at the point where the inner 
has been cut out and removed. Imperfectly excluded sources of 
water may thus be prevented from entering the well at these points 
of weakness. 

Cementing Processes of Excluding Water.— In some oil¬ 
fields where there is a noticeable absence of compact strata, or where 
riveted casing has to be employed on account of the large 
dimensions of the wells, water is often shut off by a process of 
cementation. In an ordinary well, especially those of large initial 
diameter, casing is usually economised by cutting and abstracting 
successive columns of casing from a point some 50-100 ft. 
above the shoe of the preceding larger column. This operation 
leaves an annular space increasing in size as the surface is 
approached. If this space is filled up with cement, not only 
is the well vastly strengthened, but water is pievented from 
passing down behind the casings as well as through faulty rivet 
holes and defective seams in the casing itself Such a cementa¬ 
tion is a long and costly operation, only justified by extreme 
necessity, as the inner casing has to be filled with earthy matter 
before the cementation commences to prevent a collapse of the 
casing and the entrance of cement into the well, and a long 
interval must elapse before the inserted material can be cleared 
out, whilst the cement is .setting in the annular space. It is 
advisable that each shoe should be carried into solid ground, other¬ 
wise large quantities of cement are often absorbed by loose, 
partially exhausted oil sands, and even carried underground and 
bailed from oil wells in the vicinity under some circumstances. 

Before commencing a cementatiefn all oil should be removed 
by bailing, and the space between the casings washed by pumping 
water down, as a proportion of oil adversely affects the setting 
of the cement. When there is a high column of liquid in the 
well the filling can only be performed slowly, or air locks will be 
formed where cement would subsequently en^pr and cause trouble 
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to drill through on cleaning the plug. The material for a plug 
must be carefully chosen, or it may prove as difficult to remove 
as drilling a new hole. Some sands are suitable, but others set 
very solidly, and it is preferable to mix as 
much clay as possible with the sand to facili¬ 
tate its abstraction later. 

A fluid cement with admixture of clean 
sharp sand, of the consistency of cream, is 
stirred up in wooden or iron tubs at the 
surface, and this is poured through tubes 
which extend in diminishing size to the 
lowest point. The upper portion may be 
2 in., followed in succession by portions of 
I J, I, and i' in., whilst a large funnel directs 
the flow into the tubing at the surface. 

The descent of a thoroughly mixed solution 
is thus assured to near its resting place, and 
no great separation of sand and cement can 
take place if the tubes are only raised gradu¬ 
ally as the cement is inserted. To ensure 
the proper settlement of the cement the 
process is conducted in stages, .so that the 
complete operation to the surface occupies 
several day.s. It is an advantage to use 
an almost unadulterated cement at first' 
and gradually add increasing quantities of 
clean, sharp sand as the surface is ap¬ 
proached. 

Sometimes each column of casing is separ¬ 
ately cemented as the well proceeds, in which 
case it is customary to under-ream below 
each shoe for several feet, and when the suc¬ 
ceeding column has reacheci its final position Cementing 

and has been cut out, to lower the apparatus 
shown in Fig. 104 on 2-in. tubes, and fill the annular space with 
cement. 

It will be understood that when such a complete cementation 
fails in its object, littl^ can be done to remedy any defective setting 
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or other cause of failure. In such e.xtreme cases the lower part 
of the well is sometimes filled with cement and left to set, with 
the uncertain prospect that sufficient cement may enter the ground 
near the shoe and collect behind the casing to form a solid block. 
.Sometimes the lower part of the casing is perforated with a 
punch or perforator before the cement is inserted, thus opening 
other channels for the cement to pass around the casing. 

Hermetic columns of casing are frequently cemented in position 
by the following process, first adopted in California: When a 
point has been reached where the water should be excluded a head- 
piece is prepared to .screw into the collar of the top length of 
casing. A central gland and stuffing box to take 2 or 2j in. 
tubing allows the cementing tubes to be lowered into the well. 
Ordinary well tubing is then lowered to the shoe of the casing, 
and the gland at the surface is well packed, but previous to its 
insertion an internal projecting nipple has been inserted or 
attached to the base of the tubing, forming an outlet of reduced 
area, .^t the surface of the well, pipe connections to the pump 
and cement tubs are so arranged that either water or prepared 
cement fluid may be pumped into the well at will, the change from 
one to the other being effected by valves or cocks ("see Fig. 105), 

The column of casing with the tubing is then elevated a few 
feet, and water is first pumped into the well until a circulation is 
established behind the casings, and either flows to the surface 
behind the casing or dscapes freely into the earth. The cocks are 
then manipulated .so that a well-mixed cement fluid of the con¬ 
sistency of cream is pumped into the well, the fluid naturally 
following the direction of the flow behind the casing, and being 
prevented from rising in the column of casing by the water 
pressure. After insertion of the predetermined quantity of cement 
the cocks arc arranged to divert clean water into the tubing after a 
plug of wood has been in.serted through the surface T-piece. The 
latter follows the water down the tubing, and on reaching the base 
is arrc.sted by the nipple, thus checking the flow of water and 
indicating to the attendants, by the rise of pressure at the pump, 
the total expulsion of cement fluid from the tubing. The casing 
is then lowered on to its seating, and some days are allowed to 
elapse before the tubing is removed and the water level reduced. 
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When defective or damaged casing, or other causes, prevents 
the adoption of the above system the following arrangement may 
be applied : A cylindrical wooden or cast-iron frame is prepared 
to suit the casing in which it is t» be inserted. Beneath the centre 
of the foot plate is attached a non-return valve, above which is a 
left-hand threaded portion into which 2 or 3 in. cement tubes can 
be screwed. Around the bottom outer edge of the base plate is 
attached a cup leather, designed either to distend after emergence 
from the shoe, or to form a joint on an upward movement of the 
apparatus, or to expand against the side of the casing on the 
application of pressure. After washing with water and pumping 
in cement as before, the tubing is unscrewed and removed, and the 
apparatus subsequently drilled up. The back-pressure valve in the 
interval prevents the admission of cement to the well from below, 
but if defective sections of the casing endanger its admission to 
the well clay may be deposited on the surface of the apparatus tO’. 
beyond the faulty place. 

Hydraulic systems of drilling in caving formations call for 
some modification of the usual methods of cementation when water 
sources demand exclusion. Several metliods have been lucidly 
explained by 1 . N. Knapp.* Having inserted casing and restarted 
circulation provision is made for the introduction of a cement 
puddle instead of mud at the desired moment. Prior to the 
change a wooden plug several feet long is inserted, whose lower 
portion approximates in diameter the internal diameter of the 
casing, and who.se upper part is a few inches le.ss. The descent of 
this is effected by pumping in cement mixture until the requisite 
volume has been inserted, when a second circular wooden plug is 
inserted, upon the upper surface of which a piece of sacking or 
belting is nailed to give a tight fit. On switching the pump again 
to mud the cement column between the two plugs is carried down¬ 
wards until, when the lower plug has emerged sufficiently from the 
casing, the cement fluid is forced up behind the casing. The total 
expulsion of the cement is indicated to the attendants by the 
sudden rise of pressure in the pumps when the second plug comes 

■“Cementing Oil and Gas Wells,” I. N, Knapp, Petroleum Review, 
19th September 1914. 
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into contact with the upper surface of the lower plug. After a 
period allowed for setting the plugs may be cut up (.see Fig. io6). 



Fig. io6. Methods of Cementing Flush Drilling Wells. 

1. Showing mud being driven ahead of cement mixture followed by water 

column. 

2 . Total CN pulsion of cement mixture behind casing prior to descent of 

casing to retain the cement. 

3. Method of simultaneously washing clown and cementing in a column of 

casing. ^ 


A column of casing may require to be flu.shed into position and 
cemented in place, when the device shown in Fig. 106 (3) can be used. 
A back-pressure valve j)revents the return of liquid to the casing, 
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and a grid or projection serves to arrest any descending object 
immediately above where a swelled nipple gives increased diameter. 
After flushing the column down with mud in the usual way to the 
necessary depth, the lower plug, illustrated, is inserted, forced 
down with cement fluid, upon the surface of which latter is a 
second plug propelled by mud solution. When the first plug 
reaches the swelled portion above the valve the cement puddle 
circulates round its outer edge and around the casing, the process 
only being checked when the second plug comes into contact with 
the upper surface of the first. 

Reference should not be omitted to the protection against 
corrosion afforded to casing by cement. In some oil-fields the 
associated waters are c.'cccedingly corrosive, and attack casing to 
an alarming degree, against which injury oil provides little pro¬ 
tection. Wells from which all upper water has been perfectly 
excluded develop increasing quantities of water, until a test by 
packers or otherwise indicates the cause and renders expensive 
repairs neces.sary. The provi.sion of a backing of cement or good 
clay prevents injurious waters from coming into contact with the 
metal, thus greatly extending the life of casing and constituting 
a powerful support against internal corrosion that may develop. 



CHAPTI'R X. 


THE EXTRACTION OF PETROLEUM AND 
NATURAL GAS. 

Extrarlion of Petroleum from - Control nnd Protection of Flowin^^ Wells 
—Methods of Inducing Artificial Flow of Oil Wells—Pumping—Hailing 
— Swahbing Process of (Jil Extraction — Air-Lift Process of Raising 
Petroleum Comjiressed Air Systems of Raising Oil—('auses and Preven¬ 
tion of Premature Decline of Production in Oil Wells—Emulsions and 
their Treatment. 

Extraction of Petroleum from P!ts. —Hundreds of years before 
the knowledge that petroleum in larpe quantities could be 
obtained by drilling; rrelLs, oil was raised from shallow pits sunk 
amidst seepages and along outcrops of oil-bearing strata. The 
petroleum which by degrees oozed from the containing bed and 
accumulated in the pits was either skimmed from the surface 
of water upon wliich it collected, or was raised in some descrip¬ 
tion of vessel by means of a windlass. This rough method is still 
practised by peasants and natives in many parts of the world, 
but particularly in Roumania, whore the hand-dug pits had for 
years been a source of considerable revenue to jrroducers, and 
had in .some districts been the main, if not the sole, source of 
supply. 

Hand-dug pits are often sunk to a depth of 600 ft. in 
Roumania, and yield as much .as 10 tons of oil daily, its extrac¬ 
tion being accomplished by the aid of a mule or pony harnessed 
to a pole fixed to a wooden drum about 4 ft. in diameter around 
which is coiled the winding rope. The barrel is permitted to 
descend rapidly by gravity when the drum is disconnected from 
the shaft, and as soon as the attendant has ascertained that the 
barrel is filled, the drum is attached by a pin to the shaft and 
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the horse driven round ; the horses are generally blindfolded 
to prevent them becoming giddy. 

Often bullock skins are used for the extraction of oil from 
pits, in the same way that water is drawn from wells to-day in 
the East. 

In parts of the Caucasus supplies of petroleum are obtained 
for local consumption from pits. A bucket is used attached to 
a rope wound round a horizontally mounted spindle, from which 
there extend four projections at right angles. Both feet and arms 
are used by the peasant for exerting pressure on the projecting 
arms when raising a filled vessel. Another common method of 
raising oil from shallow pits is by means of a long pole pivoted at 
its centre on top of a vertical support. One end of the pole is 
vertically above the mouth of the pit when horizontal, and from 
that end the bucket or ves.sel for containing the oil is slung by 
a rope. On the opposite end of the pole is a weight to nearly 
balance the bucket, and a cord which the operator pulls down 
when the bucket has filled, and so raises the oil to the 
surface. 

Control and Protection of Flowing Wells. —Too high 
a value is now placed on petroleum to arlmlt of a ’-epetition 
of the losses sustained by uncontrolled gushers when the industry 
was in its infancy. On approaching sources that are likely 
to give violent eruptions, means arc provided to check, or 
deflect the flow of oil into directions of safety. Massive steel 
gate valves are held in readiness, and arrangements are made 
for firmly anchoring the casing to the earth to prevent the 
upper lengths being blown away. When enormous quantities 
of sand are ejected with the oil under great pressure, and large 
and consequently relatively weak casing is often used in lining 
the well to facilitate the operation of bailing, the control of 
gushers is often no easy matter. , 

Operators in the Russian and Roumanian oil-fields were 
formerly content to rely upon the resistance of chilled cast-iron 
or steel shields, mounted on timbers some 20 ft. up the derrick,’ 
that were drawn over the mouth of the well during .eruptions. 
Heavy cross timbers, to which the 12-in. thick .shields Were 
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Sinking Shafls^liy Hand in IKishtenari Oil-Kidd of Roumania. 
Sinking Pits by Hand in ihc Ibnagivli Oil-Ficld of Russia. 
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bolted on the underside, were placed in the derrick when a 
flow was anticipated. The timbers were so pivoted that, 
although on one side during drilling, they could be drawn over 
the mouth of the well by ropes from a distance when a flow 
commenced or appeared imminent. 

So destructive is a fiercely discharged mixture of sand, 
.stones, oil, and gas, and often water, that the derricks are 
sometimes totally demolished, and the chilled cast-iron blocks 
have been perforated one after another by a particularly violent 
spouter. Unchecked, the column of oil will rise to an altitude 
of from 100-300 ft., dismantling, if not destroying, the surface 
crown fittings, and deluging the neighbourhood in oil. When 
taken unawares a wooden side structure was often built to 
the derrick, and the fountain shields were rai.sed, mou.ited, and 
pushed over the mouth of the well from one side. This some¬ 
what crude procedure was dictated by .several circumstances 

quite a]iart from the sand-blast action referred to, and the 

weakness of large diameter casing, for it has often occurred 
that the total checking of a flow led to the exclusion and loss 
of oil. Operators in many oil-fields have observed that the 
capping of a flowing well often leads to the deflection of the 
oil, and its re-entry cannot always be induced by clearing and 
bailing. It is generally thought that indirect channels of 

admi.ssion become clogged through collapses of impervious 
overlying strata, the reduced gas pressure being insufficient to 
cause the removal of the obstruction (see pp. 138, 140). Such 
eventualities are generally avoided by only partially suppressing 
the flow, an impossible procedure, however, when much sand 
accompanies the oil, owing to the rapid destruction of valves 
and fittings. 

Unexpected discharges of great violence often cause the 
total destruction of the darrick in the first few moments, 
and subsequent operations undertaken for the control of the 
ejected oil are complicated by the issue of oil around the 
well, and even from fissures in the earth for some radius round 
the well.' Such problems have been attacked in Russia,- 
Roumania, and Mexico by building steel or concrete structures 
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over the well, through which vertical and side orifices are left 
for the removal of the products. These latter may be gradually 
closed by valves and strengthened at convenience. 

A method which has been successfully repeated in several 
cases where enormous volumes of gas at high pressure have 
impeded surface operations, is to tunnel to the well, and cut an 
orifice in the casings, through which the oil can be led by a 
suitably attached pipe to a safe distance from the field. The 
great Columbia well of Moreni, Roumania, was, in 1913, treated in 
this way, and during the whole period of its (low the product 
was safely led to reservoirs removed from the danger zone. 

Ordinary gas and oil wells arc controlled by ma.ssive steel 
gate valves, which are generally fixed in position before a flow 
commences. The discharge is often led to a distance under its 
natural pressure when unaccompanied by sand. Gas flows are 
always continuous, and its expansion under dimini.shed pre.ssure 
on its exit from the well sometimes reduces the temperature 
sufficiently to create condensation of moisture, and cau.se ice to 
accumulate around the mouth of the well, and even in the pipe.s, 
if moisture is present with the gas. Gas jets are, in such cases, 
kept burning to raise the temperature. 

Closed gas pressures in parts of Pennsylvania, West Virginia, 
Canada, Surakhany, Russia, Oklahoma, Kansas, and the Gulf 
regions of America, may reach several hundred pounds per 
square inch, but open pressures rre much less, and only rarely 
exceed 10-20 lbs. per square inch. Knormous open pre.ssures 
are sometimes recorded in the early development of oil and ga.s 
fields (.sec P'ig. l 3), when the roar may be heard for miles, and 
close approach to the well is attended by considerable discomfort 
unless the cars are protected. In the pre.sence of sand, lining 
tubes are torn to .shred.s, and fine sand is strewn for miles over the 
surrounding country. • 

Natural earth pressures rarely exceed that due to hydro¬ 
static head, con.sequently undesirable floWs of gas and oil can be 
suppressed, and their effect neutralised by the maintenance of a 
counterbalancing column of liquid in the bore hole.' Unless 
maintained at its full head by pressure, ^the column becondeS 
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lightened by gas, and consequently flows, with the result that 
wells run wild, and get out of hand in a few moments. Ifeavy 
mud mixtures are an additional safeguard again.st ''blow-outs^' but 
with the addition of suitable surface connections it has been 
shown by the American Bureau of Mines that all likel)' pressures 
can be satisfactorih’ dealt with. These measures arc e.xplained 
and illustrated on p. 392, and are [Jarticularly u.seful for keeping a 
wild well quiet whilst preparations for its effective control are 
undertaken. Experiments have shown that the re-entry of oil 
and gas can be induced at convenience by 
reducing the level of liquid by bailing or 
other means. 

The enormous \-olumcs of inflammable 
gas liberated by a flowing well are a menace 
to a wide area, consequently increasing u.se 
is being made of fans to exhaust the gas 
and convey it to a di.stance, ex^n if it is 
eventually wasted. 

Oil frccjuently commences to flow either 
incessantl)- or intermittently when a jiro- 
lific .source is being ap|)roachcd or is entered 
rluring drilling. W'hen inconvenient to leave 
the rig in position for later conqiletion of 
the well a surface attachment is fitted to the 
casing, known as a casing head, furnished 
with lateral outlets, through which oil can 
be led awa\' to tanks. Cable drilling ma\’ 
ae continual through a flowing source by 
means of an "nil saver" shown in I'ig. 108. An externally 
turned and polished tube is attached to the cable when the tools 
rave been lowered to the workinr;' point, and this pas.ses through 
.he gland and stuffing bo.x of a special casing head cap securely 
i.xed in position by set-screws. On withdrawing the cable and 
iubstituting a bailer for cleaning operations a cap is threaded on to 
:he sand line, and held in position exactly as the oil saver. A little 
)il e.scapes around the sand line during a flow, and the cap has to 
ae removed or inserted each time the bailer is raised or lowered. 
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Flowing wells sometimes ignite through accident or negligence, 
and large or violent gushers may prove exceedingly difficult to 
extinguish. Burning wells of moderate proportions may be over¬ 
powered by suddenly impinging upon the flame near the mouth 
of the well some non-combustible gas that momentarily prevents 
access of air to .support combustion. Steam is an effective agent, 
usually procurable at no great expense, and it can be suddenly 
directed in large volumes under a high pressure from a series of 
jets arranged around the burning well. In some cases .steam 
from as many as forty boilers has been suddcnly’projected on to a 
burning well, (larboii dioxide is a more active agent if available. 

Burning wells that cannot be closely approached for .surface 
operations on account of the great heat, and on which steam 
and chemicals have failed, may be attacked b)' tunnelling, and 
either tapping the well in the way already described, or .squeezing 
the casing flat with hydraulic or screw jacks and so reducing 
the flow. 

Methods of Inducing Artificial Flow of Oil Wells. —After a 
well ha.s flowed naturally for a while, the discharges become less and 
less frequent until they cease altogether, but often long before the 
period of total inactivity is reached, in wells where little .sand 
accompanies the oil, a column of 2-3 in. tubing is lowered into the 
well, and the space between the tubing and well casing sealed, .so 
that the diminishing quantities of gas are thereby forced to escape 
through the reduced sized piping. If there is still a fair evolution 
of gas, the oil may continue to flow unaided for a further time, until 
the reduced outjrut makes it ncce.ssaiy to use mechanical means of 
raising the oil. Sometimes a packer is attached to the tubing near 
the bottom of the well, the gas being thereby compelled to find a 
direct outlet through the small tubes without collecting under 
pressure in the well above the oil. Backers are described under 
water exclusion, p. 444. 

Most oil wells can be induced to flow, where there is a high level of 
liquid or a fair quantity of gas, by closing the outlet of gas for a 
while, when the liquid becomes supercharged with gas and will be 
'ejected when relief is afforded. 

Sometimes the intervals between succe.ssive flows can be reduced 
by intermittently admitting a small quantity^of compressed air to 
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the bottom of the well through small tubes, the aeration being 
sufficient to cause the oil to flow. The mo.st efficient period 
between successive admissions of air must be ascertained by direct 
experiment in each separate case. Flows may be renewed in some 
cases by swabbing with a plunger fitted with upward opening 
internal valve, lowered on a rope and withdrawn rapidly (see p. 484). 
Bailing likewise will often induce periodical flows long after a well 
has ceased to erupt unaided. 

Pumping. —The method of extracting petroleum from an oil 
well is decided by circumstances, which are to some extent 
deper.dent upon the following conditions;— 

1. Amount of gas evolved. 

2. Depth of well and sometimes diameter, 

3. Level of liquid. 

4. Amount ofsand suspended in the oil. 

5. Productivity of petroleum source.s. 

By far the most general and the cheapest method of extracting 
petroleum from oil wells is by pumping, but this is not always 
possible, on account of the large quantities of sand accompanying 
the oil. 

Ihe common oil-well pump is a cylindrical steel or cast-iron 
chamber usually from 4-7 ft. long, screwed at the upper and 
lower ends for the attachmept of the rising main and suction valve 
respectively, and in which works a plunger 01 bucket, fitted with an 
internal valve. The hollow plunger is either c.xternally recessed 
for a wrapjjing of hemp, or made to take several cup leather.s, 
whilst the interior has a machined scat at the top on which a ball 
I'alve between guides finds a .seating. The lower or suction valve 
consists of a fitting with a gun-metal or steel ball valve and .seating, 
:he body of which is suitably packed with hemp or leather rings to 
u'ghtly fit the pump barrel, and n st upon a shoulder or cone on 
:hc suction attachment. The pump barrel is lowered on 2-3 in- 
:ubing to the bottom of the well, the pump plunger being lowered 
,nto the barrel by “sucker” or pump rods. The lower end of the 
plunger is often screwed to correspond with a similarly screwed 
portion of the suction or lower valve, so that by lowering the 
jlunger carefully upejn the suction valve and rotating the sucker 
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rods a few times, the lower valve can be attached to the plunger and 
withdrawn from the well with the plunger for examination without 
removing the tubing to which the pump barrel is connected. 

Numerous varieties of pumps are now advertised by the oil- 
well supply houses, but the simple cast-iron or steel barrel with 
leather cups on the working plunger finds most acceptance for 
ordinary duties when there are no complications from excessive 
gas, high viscosity of oil, or much sand. Dense oils of the usual 
Californian grade, where sand generally accompanies the oil, can 
best be raised by plunger pumps, in which the friction of a film 
of oil between a long hollow plunger and the barrel is sufficient 
to prevent any appreciable slip. Barrels become scored by sand 
in course of time, but they resist the action longer than other 
forms of plungers, and the author has examined plungers that 
have been in constant use for six months without renewal. 

Rarely is oil quite free from fine sand, silt, or argillaceous 
matter, that in course of time wears away cup leathers or packing 
rings whatever be their construction or make, and the problem 
really resolves itself into deciding whether the barrel shall outlast 
the plunger or vice versa. The former is naturally preferred, 
as the renewal of plunger packing is the simpler and cheaper 
operation. Some plungers are furnished w'th means of taking 
up wear by compressing the packing without removing the 
plunger; in others a constant pre.ssure is exerted on the packing 
by a spiral spring in'compression acting against a loose collar. 
Rubber, hemp, and other materials are used as packing, whilst 
cups are either best butt leather or some special mixture that 
can be pressed into shape and will retain its form. 

Some plunger types of well pump are designed so that the 
lower valve and plunger are attached, and can be inserted and 
removed together. This connection is secured by attachment 
to the lower valve of a rod over whjch the plunger slides when 
the pump is put in motion after being lowered upon its seating. 

One of the difficulties of pumping arises from the effect of 
gas which; at times, forms pockets in the barrels, and prevents 
the actuation of the valves. Special pumps are designed to 
overcome or minimise this feature with varying success. .'A- 
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Special Pumps 

simple and effective way of counteracting the influence of gas 
is to insert the pump inside an outer and somewhat larger tube 
perforated at its upper extremity. Admi.ssion to the pump 
suction is only possible via the top perforation of the outer 
tube, during which movement gas separates from the oils and 
rises, whilst oil, largely freed of gas, descends to the pump 
intake. 

Mechanically operated valves arc the feature of one pump 
designed to reduce gas trouble, but undc.sirablc complications 
are necessarily introduced. 

Many little refinements arc incorporated in various classes 
of pumps to meet imaginary or real troubles. A feature of 
value is the removable ball scatings supplied with some 
valves. 

Pumping by wire line in ]jlace of sucker rods is now a 
recognised practice. At the surface is a special wire rope clamp 
to securely couple the line to the reciprocating part of the head 
gear; and to avoid the wear aiul tear that would arise from 
the movement of a wire line in a stuffing box, an “ oil saver ” 
device is used. A convenient form of gland and stuffing box 
is attached to tlie casing head, and through this passes the 
polished oil-.saver tube that encircles the wire rope. The gravity 
return of the working valves and plunger is ensured by the 
attachment of a sinker bar or a few steel sucker rods to the 
valve spindle. Spinning of the rope is‘taken up by a swivel 
between the sinker and the rope socket to which the rope is 
united. 

Pig. 109 illustrates three types of pumps where all the essential 
details are shown. Simplicity should always be given preference, 
and only those of the best quality and workmanship should be 
ordered. 

Pump 7 ’wto.—The pump tubing on which the pumps are 
lowered is specially made lor the purpose, ordinary piping not 
being satisfaetory. It, is usually slightly heavier than standard 
piping, the sockets arc longer, and the screwing must be absolutely 
true to ensure a straight joint and quite air-tight column when 
coupled up. The joints must very nearly butt, and the inside 
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edges must be slightly chamfered to remove any burrs which would 
damage the packing or cup leathers during insertion. The tubing 
must also be quite round and free from rough edges or seams 
internally, and all should be tested prior to use by the insertion 
of a plug slightly less in diameter than the tubing. 

American standard well tubing has the following specifica¬ 
tion :— 
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Sucker Pump Rods .—Sucker or [uimp rods jiartakc of .several 
forms, their choice being largely dictated by cost in the locality 
n which they arc used ; in. diameter tubing is often used, 
but where the wells are deep specially long sockets .should be 
attached. A popular practice at one time was to employ round or 
octagonal wooden (ash) poles with screwed straps riveted to the 
ends as in ash drilling poles, and their lightne.ss and reduced 
weight when submerged in liquid were certainly contributory 
advantages. 

Under usual circumstances the use of solid iron and steel 
sucker rods is favoured, especially when the size of pump tubing 
does not exceed 2} in. diameter. The solid rods are from 
in. in diameter, and have screwed ends and collars for their 
attachment, and shoulders for suspension from wrenches or ele¬ 
vators. Spare screwed ends should be kept in stock for welding 
to the rods if an end becomes damaged. 

For lowering tube sucker rods a small hinged clamp with 
suspension slings is used, and the joints are screwed up with pipe 
wrenches, but with woooen or iron sucker rods a convenient 
elevator, shown in Fig. 110, is used. When held horizontally 
the wrench part passes freely below the collar on the rod, but 
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on attaining a vertical position the extending limb prevents the 
rod from slipping out. 

When an oil well has been completed and set to pumping, 
it is usual to leave the derrick and bull wheel for withdrawing 
the sucker rods when the pump leathers or packing need renew¬ 
ing. With wells of 1,000-2,000 ft. in depth some six men are 
needed to manipulate the rods, and they raise the rods by turning 
the bull wheel, to which a light wire line has been attached after 
passage over a small pulley in the .summit of the derrick. VV'here 
no derrick is left, and in some cases where the derricks do remain, 
the rods arc lifted b}' horse power in conjunction 
with a portable form of shear legs which can 
speedily be erected and conveyed about the field. 

Pulling machines are now largely used in some 
oil-fields where circumstances do not justify the 
retention of a derrick and other appliances at 
the surface. Such machines arc portable, and 
arc generally operated b}' horses that arc used for 
transportation. They are composed of a mast that 
can be raised to a vertical position and held by 
guy ropes, and a light winch mounted in a basal 
framework. J’owcr-driven self-contained pulling 
machines are also in u.se, in some ca.ses combining 
also provision for pumping. 

The u.se of steel wire rope for operatiijg well 
pumps has already been referred to, but it is 
advisable to call attention to the advisability of inserting a temper 
screw somewhere to take up the stretch of the rope during work. 

Surface Fixtures for Pumping .—When trial pumping an oil 
well the walking beam of the drilling rig is generally used for 
transmitting the motion to the pump rods. A “'casing head" is 
attached to the top length of casing, and from the side outlets are 
led two pipes to conduct the gas, and, if the well flows, the oil also 
to the desired location. The gas can be led away direct to the 
boilers to be burnt as fudl, or may be conducted to reservoirs from 
which gas engines derive their power. 

The rising main tubes arc continued to a height of about 2 ft. 
above the derrick floor, where a tee is introduced into which the oil 
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outlet pipe is led which connects with the storage. Above the tee 
is attached a brass stuffing box in which works a polished steel 
rod screwed to the sucker rods, and which can be connected to 
the walking beam at any desired position by a "grip adjuslerP 
This method is sometimes retained for permanent pumping, but 
more often the walking beam is replaced by some smaller and 
more convenient form of motion transmitter, especially as wells 
are generally pumped in groups by means oi"jcrker lines" which 
transmit a horizontal motion. 

Where wells are widely separated, or individual or isolated wells 
have to be pumped, the walking beam .system is to be recommended, 
as the crankshaft takes its drive direct from an electric motor, gas, 
oil, or steam engine, or other motive power which may be employed. 
In the hilly districts of West Virginia electricity is largely used 
in this way by the South Pennsylvanian Oil Company for pumping 
widely separated wells, where the production from individual wells ' 
often does not exceed half a barrel of oil daily. 

The bell crank lever is the almost universal method of pumping 
when a movement in a horizontal direction has to be transformed 
into a vertical reciprocating motion. Where limber is inexiiensivc, 
and ironwork is dear on account of freight or dut)-. a wooden crank 
may be used, but a lighter or mere convenient form of pumping 
"jack" is shown in P'ig. Til. The timber crank can be made by 
any carpenter, and can be strengthened by the addition of a few 
wrought-iron plates. A wrought-iron stirrup connects the "jerkcr 
line" to the crank, and a simple connecting joint couples the 
oscillation beam to the crank. A considerable amount of power 
can be saved by partially balancing the weight of the sucker rods 
by extending the oscillation beam on the side removed from the 
well and suspending weights near its extremity. 

Metal pumping jacks arc made in combined wrought and 
malleable iron, and sometimes for lightness and simplicity in 
wrought-iron tubing. The " Simplex ” type is quite suitable for 
wells of medium depth and pumping capacity, and has given satis¬ 
faction where installed under the author’s direction. The heavy 
size of pumping jack only weighs about 500 lbs., and costs about 
$20, and it has the special advantage over many other types of 
transmitting a direct pull to the pump rods, and avoiding the 
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dumping “Jacks" 

lateral strains which in many designs are thrown on the polished 
rod and gland. 

Self-contained pumping powers for isolated wells are now 
standardised in the United States of America. They consist of 
geared frames arranged to transmit an oscillatory movement to 
pivoted walking beams .slung on low standards. Provision is 
usually made for balancing the weight of the sucker rod.s, and the 
base plate is designed for the mounting of a gas or oil engine or an 
electric motor according to the requirements of the locality for 
which they are intended. One extensively advertised power is 
especially well designed to obtain a straight pull on the pump rods. 



Action of Well Pumps .—Rarely does the flow of oil from a well 
pump correspond with the stroke of the plunger or bear any 
iscertainablc relationship to the movement of the valves. Oil is 
jsually discharged more or less violently at irregular intervals, 
;ommendng with a slow expulsion of foam followed by an 
ncreasingly fierce ejection of oil or oil and gas. At other times, 
vithout any warning, oil is vigorously expelled in a solid column, 
ollowed by a piston of gas that issues with considerable noise and 
ihrows a high temporary, pressure upon oil tanks if enclosed or gas 
:anks if employed. 

Pumps virtually flow by heads as a flowing well, and the theory 
)f this action rests upon the supersaturation of oil with gas at the 
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base of the well and the comparative immunity from gas of the 
undisturbed liquid in the well. Fresh oil takes the path of least 
resistance, which, in a pumping well, is always in the pump tubing 
where movements of the pump rods agitate the fluid, assist in 
liberating dissolved gases, and so lighten the column of liquid till 
it will flow unaided through the pump till the rate of ejection 
exceeds the inflow of fresh oil and gas. Flow by head may 
proceed for a few minutes only or continue for hours, yielding in 
that period many times the capacity of the pump. It is on account 
of this feature that i J-in. pumps are usually ample to deal with 
quite large wells in which there is much ga.s. The actual capacity 
of a i|-in. diameter pump with 4-ft. stroke at 30 per minute 
and 20 per cent, slip would be about 55 tons (410 barrels) of oil 
per day of twenty-four hours. Were it not for the flows by head 
independently of the action of valves, pumps would rarely act in 
light oil districts owing to the interference of gas with the regular ' 
action of the valves. 

When there is little gas, well pumps act normally, and give a 
discharge of oil at each stroke of the plunger; in fact, there is 
a double flow, the sucker rods displacing oil on their descent and 
expelling their equivalent volume in oil. Elsewhere arc discussed 
the relative advantages of intermittent and continuous pumping 
(p. 499) and other features connected with pumping oil wells. 

Transmission of Power for Pumping .—Where it is necessary to 
instal at each w'ell ,a complete pumping equipment, including 
motor, the extraction of oil becomes costly ; indeed, the profitable 
exploitation of some oil-fields is entirely due to the cheapness of 
multiple pumping. The size and strength of a pumping unit is 
decided by (i) the nature of the ground, (2) the distance of the 
wells apart, (3) the size of the pumps, (4) whether the wells are 
pumped continuously or intermittently. If the ground is fairly 
level and open, and the wells are not further removed than 600- 
700 ft. from each other, units of forty to fifty can be pumped with 
economy by “jerker lines,” but many oil producers prefer pumping 
units of twelve to twenty-five wells, on account of the fewer number 
of wells that become unproductive if a breakdown occurs. 

In all cases a central station is needed, where the power is 
either generated and transmitted to the wells or transformed iplo 
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jjillteble motions. The power itself may be electricity, steam,« 
internal combustion engines, but in all cases it is transmitted by 
gearing or belting or chain drive to a frame that actuates the wells 
through the medium of tension rods. Power is only needed for 
lifting the bucket when pumping, as the weight of the rods carries 
the plunger back, consequently all the power applied to the wells 
is tensional. This fact enables considerable power to be trans¬ 
mitted over long distances if compression forces are entirely 
avoided, and it further permits the employment of iron rods or 
even wire ropes. A common American type of pumping “power" is 
shown in P'ig. 113, where it will be seen that it consists of a central 



Showing wooden and iron rods, also wire rop^jetker lines. 

vertical shaft driven by bevel gearing from a horizontal spindle, 
several eccentrics and straps being attached to the vertical shaft. 
On the outer flange of the eccentric straps arc bored a number of 
holes for the connection of wrought-iron straps attached to the 
transmission lines, so that when the shaft revolves the transmission 
lines are given a slight oscillating motion, as well as a reciprocating, 
horizontal movement, equal to.'rhe throw of the eccentric. From 
each eccentric are led a number of transmission lines in different 
directions, so that the power is fairly evenly balanced in practice. 

In large pumping stations, where power for from thirty to fifty 
wells is transmitted, a horizontal shaft fitted with eccentrics is often 
constructed. A heavy wooden band wheel, securely keyed to the 
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8ba&, takes the drive by the belt, as well as acts as a flywheel in 
storing up energy to smoothly pass the dead centres. The con¬ 
necting rods attached to the eccentrics have guides working in 
bushed bearings where the motion is transformed to a horizontal 
movement (see Fig. 114). 

Considerable care is needed in arranging the work of a large 
pumping station to deal with forty to fifty wells averaging, say, 
1,200-1,500 ft. deep, in order to cqu.ally distribute the load. 

Jerker or Transmission Lines .—Until a few j'ears ago, trans¬ 
mission or “jerker” lines were generally composed of timber, and 
even now this practice occasionally prevails. The size of timber 
used for jerker lines naturally depends upon the power to be 
transmitted, but they vary from 8 in. by 4 in. on main lines 
to 3 in. by 2 in. on branch lines. The rods arc coupled 
together by flat sheet-iron straps, through which a few bolts are 
inserted and tightened up. The jerker lines are suspended by' 
wooden or iron swingers in swing brackets, placed at sufficiently 
close intervals to prevent any undue sag between the points of 
.suspension. Each swing bracket acts as a lateral guide in addition 
to a support, so that side wind pressures do not deflect the rods. 
Friction is reduced to a minimum by the attachment of a strip of 
wood against which the swinger alone rubs if deflected by wirid. 
Motion is transmitted to any desired direction by occasional bell 
cranks or change wheels, from which tensional rods are led off in 
the direction of wcllsirequired to be operated. 

When iron rods are used as transmission lines, they are provided 
with a clasping device which allows the rods to be quickly coupled 
together, and at each joint a projection is provided by which they 
may be suspended on swingers from su.spension brackets. Rope 
transmission lines are manufactured from thick iron wire, and are 
coupled together by special fasteners provided for the purpose. 

A very simple and effective way of transmitting and deflecting 
tension rods is to use pulleys mou'nted horizontally or vertically 
as required. At each pulley a short length of chain is inserted to 
accommodate the change of direction, and at each well a wire line 
can be led over the top derrick pulley and direct on to the pump. 

Multiple pumping reduces costs considerably when there'are 
no technical objections to its introduction, Where the oil is *f 
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light density, unaccompanied by much sand that would neicessitate* 
frequent pulling and cleaning, and the contours of the ground 
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present no obstacles to the deviation of jerker lines, the cost of 
iextraction may be very low, although the mechanical efficiency of, 



470 Oil-Field Development 

the plant may hot be high. Taking a group of 20 wells averaging 
1,500 ft. in depth, operated 24 hours daily with t|-in. pumps, with 
a yield per well of 25 barrels of oil and 25 barrels of water, the 
theoretical power required for the duty, assuming the oil to weigh 
8.5 lbs. per gallon, and the water 10 lbs. per gallon, would be :— 

20 X {25 X 298 + 25 X 350) X i,5oo_2ox 16,200X i,5oo_ t,35o__ p 
24x60x33,000 24x60x33,000 132 

In practice about 40 II.P. would be required for this work. 

The efficiency of the pumping service being therefore x 100=25 

per cent. Fuel consumption with steam power under oil-field 
conditions would, with 50 lbs. of steam per H.P. hour, and I2 lbs. 
steam per lb. of oil fuel, be ;— 

40 X 50 _ 

12 

= 4,000 „ ,, day 

— 13 r liarruls „ ,, 

One barrel of oil, therefore, ra'ses— 

WtIK. Ills 

-0^ 50 _y. barrels of liiiukl, of which Ijalf is oil 

13.5 

= 37 „ oil 

Fuel consumption is, therefore, obout 3 per cent, of the oil raised. 

With oil at $i per barrel the cost of fuel would be about 3 cents 
per barrel (loA pence per ton) of production, or 70 cents per well 
per diem. The laboiy costs would naturally differ in every oil-field, 
and vary from 24 cents to 96 cents (i to 4 shillings) per well per 
•day, or i cent to 3.8 cents per band. With a gas engine using 
gas from the wells the cost of power would be negligible. An 
oil engine under similar conditions would consume about 30 lbs. 
of oil per hour, say 2.5 barrels daily, or cost only 0.5 cent per 
barrel of oil raised; between one-fifth and one-sixth that of the 
fuel consumed by a steam engine under oil-field conditions. 

Heavy viscous oils, such as those of most of the Californian 
oil-fields, accompanied often by from 3-5 per cent, of sand, are 
generally pumped by 3-in. plunger pumps from the walking 
beam as separate units, b nder the.se less favourable circumstances 
the power consumed varies from 4-7 H.P. according to depth, 
,viscosity of oil, and proportion of sand. In the Midway-Suns«t 
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oil-field the total cost of pumping a group of 15 wells 1,000 ft. deep 
was $7 per well daily, equal to about 12 cents per barrel (3s, 6d. 
per ton) of oil extracted. In another case, where electrical energy 
was employed, 91 wells averaging 1,650 ft. deep, and giving an 
average output of 101.5 barrels daily, con.sumcd on an average 
84.8 kw. per well per day, equal to .835 kw. per barrel. At a 
price of 1.5 cents per kw.-hour for power, the cost per well per 
diem would be $1.27, or 1.24 cents per barrel' (4.3 pence per ton). 

Bailing.—In some oil-field.s, notably tho.se of Baku and 
Roumania, so much suspended sand accompanies the oil that all 
apparatus in which plungers and small valves form a ])art is useless 
for raising the oil, and it is usually extracted by bailing. The 
bailers arc long cylindrical ves.sels made of .sheet-iron sleeves 
riveted or welded together, fitted with a cast-iron lift valve 
opening inwards at the lower extremity, and a suspension hook at 
the upper end. An internally screwed wrought-iron ring is attached 
to the bottom of the bailer, into which is screwed the valve 
and seating, the valve spindle extending 6-8 in. beneath the 
guide which directs the valve on to its seating. When the bailer is 
lowered into the liquid the valve lifts and admits the fluid, which 
fluid pa.sses freely through the vessel so long as it descends, but 
immediately the bailer ascends the valve closes and the admitted 
fluid is raised to the surface. By lowering the filled bailer on to a 
solid base the extending spindle is forced inwards, the valve opens, 
and the enclosed liquid flows away. Fig. 115 shows the usual 
arrangement of a well-designed bailing well. 

The ordinary bailers vary in diameter from 6-14 in., and 
from 10-60 ft. in length, depending upon the diameter of well, 
depth of liquid, and yield of oil. The riveted type were formerly 
rendered water-tight by soldering the joints, and were strengthened 
with a J-in. safety rod attached to a cross bar at the top and 
bottom of the bailer. Electrical and oxy-acetylene welding has 
replaced riveting and soldering with great advantage. Sometimes 
they are now made by welding spirals of sheet iron. The upper 
and lower sections are tapered somewhat for guiding the bailer 
into the well, and protecting the valve and suspension hook. 

' “The Petroleum Industry of California,” R. P. M‘Laughlin, Jiulletin 69, 
California State Mining ^ureau. 
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exclusion of the oil, and it is not unusual for the above described 
bailers to raise hundreds of tons of sand daily for months at a 
time before the inlet of sand diminishes. When unattended with 
water, oil sands are very fluid, closely resembling fresh caviare in 
appearance, and they readily enter and fill the bailers, from which 
they also flow with equal ease on the opening of the valve, but a 
little water with the sand renders its admission to the bailer more 
difficult, and likewise its extraction may necessitate the removal 
of the valve and seating owing to the compact mass which forms. 

The great length of bailers in .some cases is only to give increased 
capacity, but it will be at once evident that any slight deflection 
of the casing would prevent the free dc.scent of such a long 
ves.sel little less in diameter than the well. In the Russian and 
Roumanian oil-fields the wells frequently become deflected from 
the vertical near their base as a con.sequcnce of landslides, and a 
large ca[)acity is maintained by using jointed bailers, where the 
bailer is divided into several sections connected by hollow knuckle 
joints. Such bailers enable we'ls with a considerable curvature 
to be bailed at a profit when they would otherwise be abandoned. 
Some flexible bailers have been made from flexible metallic tubing 
connected together in lengths to give the desired capacity. Fig. 
Il6 shows types of bailers used for extracting oil. 

Railing is conducted by means of a wire ro[)e and a bailing 
drum of from 8-l6 ft. circumference, to one side of which runs 
freely on the main shaft a pulley fitted with side friction blocks 
which fit into a depression on the side of the drum. The main 
pulley receives its drive direct by belting from the engine, and 
is drawn by levers towards the drum when it is desired to 
rai.se the bailer after its descent by gravity into the well. A 
powerful foot-brake is provided to regulate the speed of descent 
and prevent over-winding. The speed of bailing is from i,cxx)- 
1,500 ft. a minute, and the power required varies from 
H.P., according to the speca, size of bailer, quantity of watei 
and of sand. Fig. 117 shows the common type of bailing drum 
used in Russia. 

Customarily Roumanian drums which arc designed for smallei 
productions are gear-driven, and the drums do not exceed 2 ft 
diameter. 
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The bailing ropes are from in. in diameter, and they 
have to be constructed of fine crucible steel wire to withstand 
the rough treatment to which they arc subjected in bailing. 
Flexibility is discarded in favour of resi.stance to abrasion, 
which always takes place through the swaying rope coming into 
contact with the casing. The rope also suffers severely from 
excessive and repeated twisting when the high velocity descent 



Fig. 117.—Russian iiailing Drum. 


of the bailer is suddenly and temporarily checked as it strike; 
the surface of the liquid, the bailing attendant not being able tc 
apply the brake in time to prevent 30-100 ft. of rope coiling 
itself up on the top of the bailer before the latter fills and sink: 
more slowly in the liquid. For bailing wells of 1,500 ft. it i: 
usual to employ a rope of 2,000-2,500 ft. to allow for periodically 
cutting off pieces of the rope near the bailer as they show sign: 
of dangerous wear. 

The oil is emptied into a “bailing tub” before it flows awa; 
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to tanks or other receptacles where the sand may settle prior to 
its removal to the main storage. The bailing tubs are wooden 
vats about 6 ft, in diameter and 5 ft. high, placed on trestles over the 
mouth of the well (sec Fig. 115). There is a central orifice through 
which the bailer can pas.s, and extending to about a foot above the 
base there is a bored wooden block on the surface of which slides a 
strip with a .sheet-iron or copper surface that can be pushed 
backwards and forward.s by an iron rod by the attendant. When 
the full bailer has been raised completely from the well the fiat 
sliding piece is pushed over the mouth of the orifice, and as the 
bailer is allowed by the brake to de.sccnd, the valve is pushed 
upwards and the oil discharges into the tub, from whence it flows 



Fig. 118.—Roumanian Bailing Drum. 


away in a chute leading from the bottom of the tub to the 
settling tanks (see Fig. 115). 

Recovering Lost Bailers and Ropes .—A bailer lost through the 
breaking of the wire rope or fracture of the su.spension hook is 
recovered by a hook provided with extending spurs. This tool is 
lowered on a new rope upon the lost piece, with which it engages 
and enables its withdrawal. If a bailer is torn asunder it is usual 
to lower a heavy bar fitted with a succession of hinged protruding 
dogs, which close in passing an obstacle when lowering, but 
extend to a horizontal position when the bar is raised, causing 
them to firmly grip any object into which they are lowered. 
F'ig. 119 shows several types of fi.shing grabs used for the 
purpose. 

Power for Bailing .—In the Baku oil-fields double-cylinder 
horizontal steam engines are used for bailing, varying in size fronj 
9} in. X 14 in. to 14 in. x 18 in. 
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The larger sizes indicate with 6o lbs. steam pressure as much 
as 150 H.F., and will raise a 12-in. by 60-ft. bailer at the rate 
of 1,500 ft. per minute. The smaller sizes are used for bailers up 
to 8 and 9 in. in diameter. With the steady exhaustion of oil¬ 
fields the level of liquid progressively falls, and in many parts of 
the Baku fields the wells have now only 20-50 ft. of liquid, or 
are even dry at times, although formerly they had levels measuring 
in hundred.s of feet, and gave as much as 300 tons of oil daily by 
bailing, but there are few now which will yield even 50 tons daily 



fig. 120.-—Power Diagram of B,ailing Well. 

Diagram ploUetl from Data furnished l)y RocimHng Wattmeter which inteicepted the 
Current supplying a Motor l iiling an Oil Well. 


owing to the proce.ss of exhaustion wnich is proceeding. From 
many wells sevci'al times as much water as oil has to be bailed to 
secure a production. 

The general adoption of electrical energy for pumping and 
bailing enables accurate records of the work to be obtained by 
the introduction of a recording kilowatt meter. Variations of load 
give a clue to the state of the well, and time intervals indicate the 
attention and skill displayed by the attendant. Fig. 120 shows 
diagrams recorded by two moderate sized wells in the Baku oil¬ 
fields of Russia. 

Previously to the use of electrical power, recording apparatus. 
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was used in conjunction with bailing drums to ensure the fulfil¬ 
ment of instructions concerning the method of bailing and to check 
the work of the operator. A diagram from such an apparatus 
is shown in Fig. 121. Prepared paper is slowly rotated on a 
drum by clockwork, and the drum shaft connected to the spindle 
of the instrument by a flexible shaft cau.scs the pencil pressing 
on the paper to ri.se and fall as the latter is rai.sed or lowered. 

Precautions in Bailing Wells .—When bailing is unavoidable 
through the presence of much sand with the oil, con.siderable 



Fit;. —Uiagram from Automatic Recorder att.aclied to Bailing Drum. 

The diagram showb— 

1. The number of trips of each within a di-foite period. 

2. The ratio of top to bottom bailings. 

3. The level of litjuid in well. 

4. The lime and duration of sto|i|j;ige.s. 

experience is often necessary to prevent damage to the wells. 
If a well flows whilst being pumped, nothing serious happens, 
as the oil flows away from the pumjj tube or casing heads 
into the tanks, but when a bailing well shows a disposition to 
flow the operator needs to act very discreetly for a number of 
reasons. A discharge of oil from a large, diameter well is usually 
exceedingly violent, and the bailers and wire rope are often ejected 
from the well with great force if incautiously lowered at a wrong 
moment. An impending eruption or “fountain” is intimated 
by a gradually rising level of liquid, and when the oil has arrived 
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within 100-200 ft. from the surface it is usual to take a few 
bailers from the top to lighten the column, when the well will 
flow. During eruption the volume of emitted gas is .so great 
that the attendants have usually to abandon the bailing drum and 
escape into the fresh air, during which time the brake of the 
drum is .securely fixed. The bailer .should be lowered very 
cautiously after a flow of oil, as there is frequently a large mass 
of loo.se falling sand which may settle over the bailer and prevent 
its withdrawal if it is left stationary for a few moments. In some 
oil-fields it is no uncommon occurrence for .several hundred feet 
of oil sand to run into the well during a single eruption of five 
minutes, but so mobile is the mass, if uncontaminated with a pro¬ 
portion of water, that the bailers can be raised full of loose sand 
at each trip until the hole is cleared. 

Eruptions sometimes commence when the bailer is near the 
bottom of the well, in which case the operator should on no 
account leave the drum, but keep the bailer in slow motion whihst 
the well is flowing. If the bailer is left suspended in tbe well 
near the bottom it may become buried in sand and be irrecover¬ 
able, or lead to a lengthy fishing operaiion, whilst if raised too 
high it may be ejected from the well, and both the rope and 
bailer be totally destroyed. 

During the bailing of new wells, wbether intermittent spouters 
or not, a mass of sand, often accompanied by fragments of rock 
and clay, collect at the bottom of the well, and unless they are 
periodically cleaned out the free admi.ssion of oil is prevented. 
A collection of sand and clay particles can usually be cleared 
with the aid of the bailer alone by bailing constantly from the 
bottom, and raising and allowing it to sink rapidly several times 
before withdrawal to the surface; the suction action occasioned 
thereby .stirring up the sand and causing it to enter the bailer 
with the oil on the downward movement. If fragments of clay 
and rock collect to any con.siderable extent in the casing they 
must be cleared with a sand pump. 

A new well should never be bailed too rapidly at first, for 
long experience has .sh iwn that the best and longest - lived 
producing wells are obtained by removing the .sand as it flows 
into the well, by almost constant bailing from the bottonV for 
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a while. This policy is a trial of patience, as in new wells the 
liquid bailed from the bottom is so supersaturated with gas 
that the fluid contents of the bailer are nearly all expelled 
before the surface is reached. When being drawn through 
the liquid the contents of the bailer are held down by the 
pressure above, but the moment the bailer emerges from the 
fluid the confined gas escapes with violence from the oil and 
ejects mo.st of the oil from the bailer. Hailcrs are often rai.sed 
containing'only about one-tenth of their capacity of oil, and the 
almost explosive ejection of the contents of the bailer as it emerges 
from the liquid can be heard at a distance. This difficulty has 
been overcome by a bailer with an upper valve that remains open 
during descent, but closes when the internal pre.ssure exceeds 
the external. A small .subsidiar)' valve releases the pressure 
sufficiently to enable the bailer to be emptied in the usual way. 

After the inlet of sand has decreased, bailing is conducted 
altcrnatel)' from the top and bottom, and the [rroportion of 
top to bottom bailings increased until the maximum safe 
yield is reached, and neither sand nor water accumulates in 
the well. If any unexcluded water finds admission to the 
well, bailing must be continued with caution, as the oil sands, 
unle.ss kept free by much gas, .set very hard when mi.xed with 
water, and may ])artially seal the oil source. When such is 
the ca.se the level of oil falls, and there is a risk that the un- 
excludcd water will increa.se in volume, making it still more 
difficult to keep the plug free, and render it necessary to bail 
more frequently from the bottom to remove the increased quantity 
of water. Failure to adopt these precautions generally leads to 
the loss of the well, consequently prudent producers suppress their 
impatience and rest content with a smaller production for a while. 

Cost of Bailivg Wells .—As fuel forms the chief expenditure in 
bailing, the cost of bailing largely depends uiran the value of the 
fuel. The expense of labour, wire ropes, bailers, and stores does 
not vary much in different undamaged wells. In 1910 the cost of 
bailing an average Ifaku well amounted to about £\ ($19) a day, 
with fuel at 25 copecks per pood (33s. per ton). On an average 
production of 16 tons a day this works out to about 5s. ($1.20) 
per ton, 16 cents per barrel. 
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The average power taken by bailing wells using electric power 
in the Baku oil-fields in 1908 was about 16 kw. (21.5 H.P.), or 
II,SCX) kw.-hoiirs (I 5 , 5 CX) Il.P.-hours) per month. With oil at 
20 copecks per pood (26s. per ton), the cost of power was 
7 copecks (ijd.) per kw.-hour, and the monthly cost of power 
for bailing an average well by electricity was 805 roubles 
(;^85), equal to about 2J copecks per pood (3s. 8d. per ton) in a 
well producing l,cxx) poods (16 tons) daily. 

Swabbing Process of Oil Extraction.—In some oil-fields 
where the petroleum contains a large percentage of hydrocarbons 
solid at normal temperatures and pressures, there is a tendency 
towards the .separation and precipitation of the .solid paraffins in 
the wells, as the gas and lighter products are withdrawn or evolved. 
The deposition of .solid paraffin is so great in .some oil fields that 
the wells have to be periodically cleared to secure the free issue of 
oil from the .sands. 

In the Boryslaw-Tustanowice oil-field of (ialicia the .separation 
of paraffin wa.\' was so considerable when the wells were pumped, 
following a period of natural flow, that the pumps and pump 
tubing had to be frequently withdrawn and scrajed, and the wells 
themselves cleared of wa.\-. 

Many years ago it was the local custom to swab the wells at 
intervals by wrapping hemp, belting, or cthe' pliable material 
round the bailer valves when cleaning out the well with bailers, 
thereby drawing away by suction wa.\' which clung to the bore¬ 
hole sides or plugged the well. I*' was the observed benefits that 
wells derived from this treatment that led to the scientific design 
and general application of a system of swabbing peculiarly 
adaptable to the conditions of the great Buryslaw-Tu.stanowice 
oil-field. 

The early varieties of swabs and .swabbing plants were of crude 
construction, and in endeavours to accelerate the speed of e-xtrat- 
tion with unsuitable plant so rpany fires originated that the 
Government issued regulations restricting their employment unless, 
defined safety appliances were attached. 

The early swab consisted of a hollow steel barrel, around which 
was wrapped sufficient hemp or other similar material to tightly fit 
the well casing when in.serted. At the upper extremity was fitt^ 
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a flap valve opening to allow the oil to pass through as the barrel 
was lowered on the rope, weighted above by a sinker bar to hasten 
its descent. When sufficiently submerged in the fluid, the .swab 
was drawn up at a high velocity ; the internal valve automatically 
closing, caused the column of liquid above the plunger to be rai.sed 
to the surface, where it flowed into tanks arranged for its reception. 

Modern swabs of 4-5 in. diameter liavc an internal hall 
valve, and the packing con.sists of two or more rubber rings, 
above and 1.)elow which, separated by a washer, arc steel springs 
which somewhat relieve the shock on the rubber packings when 
slight obstructions at the casing joints are passed. Kxpcriencc 
has shown that great i:conomy in packers results from the 
above arrangement as well as by attaching the sinker bar below 
the swab instead of, as previously, on top, the former position 
better assuring verticality of the swab during its descent. 

As much attention has been paid to the design of machinery 
to operate the swabs as to the swabs themselves, and producers 
now realise the advantage of erecting machinery with as much 
care as is bestowed on winding jilant in a collier)'. Recent 
“ Jmspcls" as the drums arc termed, consist of two i4]-in, x 
19-in. steam engines direct coujiled to a central winding drum, 
and all mounted on firm concrete foundations. A speed of from 
140-160 revolutions per minute, with 150 Ih.s. jiressurc steam, 
is attained, enabling the swabs to be raised at a velocity of about 
2,000 ft. per minute. In consequence of tlje frequency of fires 
through heated hand brakes, the swabs are now lowered by 
allowing the engines to run with an inverse motion, drawing in 
air through their ports by a by-pass which is opened to the 
.steam pipe after shutting off steam. Such action throws in- 
crca.scd wear and tear on the engines, but little brake power is 
r^uired. 

Ihe " haspels ” are operated by an attendant from a central 
position where he can regnl.ite* speed and manipulate the steam 
admission valve. Coupled to the shaft at one side is a tell-tale 
device which enables the attendant to observe the position of the 
swab at any moment. A gong is struck when the swab has 
descended to the requisite depth, a point decided by circumstances. 
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and another alarm bell is struck when the swab has ascended to 
a point near the surface. Powerful foot and screw bralres are 
attached to prevent running away and overwinding in case of an 
accident to, or loss of the swab 

Swabbing is generally conducted in ordinary 4-6 in. diameter 
casing, but some of the richer firms are inserting in their wells 
a liner of special tubing with the joints designed to present the 
minimum of friction and wearing edge. The casing in general 
use at Boryslaw-Tustanowice is of the “ inserted ” variety, with 
swelled female and crossed male end, thus throwing irregular 
strains upon the packing rings as they pass joints in their ascent. 

In practice J-in. steel-wire ropes are used, and the rubber 
rings, which just freely enter the casing, require renewing in from 
pne to six days according to the condition of the well and the 
extent or intensity of swabbing. Highly productive wells are 
commonly fitted with two “ haspels ” to avoid any delay in case 
of one breaking down or needing repairs. These may be placed 
behind one another or at opposite sides of the derrick ; separate 
chutes in which the oily wire line pa,s.ses being fitted between 
the winding drum and the derrick summit.s. 

The well-top equipment is usually very simple. A side outlet 
pipe is led from the casing to a tank outside the derrick, the rope 
itself passing .some discs of old belting at the exit from the well to 
abstract as much as possible the oil clinging to the rope, and to 
prevent oil flowing :up into the derrick. The drippings from the 
rope both in the derrick, from the guide chute, and beneath the 
drum, are drained into the oil tank, or if solidified swept into the 
tank at intervals. The exhaust steam from the engine is utilised 
for heating up the paraffin-bearing crude to enable it to be pumped 
to central points of storage. 

At the point of discharge provision is often made for widi- 
drawing the gas by an exhauster and forcing it under pressure into 
gas mains. 

Experience and practice will alone demonstrate the best mantjeff 
of using a swab when the necessary plant has been installed. Every 
well exhibits independent peculiarities, and must be humoured and . 
dealt with as demanded by circumstances ; and often patient trials* 
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aresoecessary to discover the best method of treatment. Where 
there is a high level of liquid some wells give the highest yield 
by a small submersion of the swab, others by a deep immersion. 
In both high and low level of liquid individual wells display wide 
differences in their behaviour according to the speed and number 
of swabs per unit interval of time. From some wells the best 
results are obtained by constant, if fewer, runs of the swab 
per day; in others intermittent operation leads to the highest 
yield. 

Surprising results followed the introduction of scientific swabbing 
in Galicia. Abandoned wells recommenced producing at a high 
rate under the influence of swabs, and pumping wells had their 
yield increased often several-fold by the substitution of swabbing 
methods. It was quite evident that deposited paraffin wax choked 
the pores of the oil-bearing sands to such an extent that the 
contained oil was excluded from the bore hole until it was re¬ 
moved by the suction and di.sturbing influence of the swab. 

Swabbing was originally confined mainly to the large producing 
wells yielding often by combined flowing and swabbing loo- 
200 tons (750-1,500 barrels) of oil daily, but the advantages of 
the system have been proved by demonstration to extend to the 
smaller producers, and there were, in 1913, many wells 3,000- 
4,000 ft. deep profitably operated in this way that gave but 5 
tons (37.5 barrels), and even 3 tons (22.5 barrels) daily. The 
level of liquid was often very low, not more^than 200 or 300 ft. 
in wells 4,000 ft. deep. 

Improved yields have sometimes been obtained by swabbing 
in a small column, a 4-in. string of tubing being inserted within 
the 5 or 6 in. well casing exclusively for the purpose. 

No extended employment of the swabbing process has been 
attempted in other oil-fields than Galicia, but the advantages of 
this method will one day be realised in several important oil-fields 
where it is almost certain that improved yields would result from 
its introduction. The method is naturally mainly restricted to 
fields where little or no suspended sand accompanies the oil, and 
its use is excluded from fields where yields do not exceed a few 
tons daily. It is certain, however, that the initial yield of wells 
would often be greatl)j increased, especially where wells do not 
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flow freely unaided, and the initial gas pressures prevent the free 
action of pumps. 

Considered on a mechanical efficiency basis, the power expended 
on swabbing is very wasteful. Taking a good well 4,000 ft. deep, 
with average level of liquid 2,000 ft. from surface, and 12 trips of 
the swab per hour, at a s[)eed of 2,000 ft, per minute, the following 
figures are obtained ;— 

A double-cylinder 14J x ipj-in. stroke engine, with effective 
steam pressure of 100 lbs. per square inch, indicates about 
27s H.P. when running at full power. The average power 
required during a wind is about 5 the maximum power. 

Time of raising swab, 2 minutes, Tlierefore lime of engine 

operating or power per diem ^ 275 x i x 24-= 1,760 IT.P.-hours. 

Average continuous power, therefore, 73 1 11 .1’,, or, say, 62 
B.FI.P., assuming an engine efficiency of 85 per cent. ' 

Theoretical power required to raise, s.aj-, 100 tons daily 2,000 ft. 
= 224,000 lbs. X 2,000 ft =448,000,000 ft.-lbs. per day. 

I H.P. day =33,000x60x24 = 47,5a),000 P..-lbs. 

Average continuous power requirements, " =<).? rl.P. 

.t7,"4X),ooo 

Efficiency of plant, x 100= 15.33 Pf^r cent. 

On wells of less yield and higher lift the efficiency would be 

much lower, but this is of quite secondar)- importance in view of 

the possibility of rec'overing oil -mpossible by (;ther means. 

Allowing 40 lbs. of steam per H.P.-hour, and an evaporation 

of 12 lbs. water per lb. of oil fuel, the cost in power would be 

62x40x24 ^ r ■. j -1 

- - =2.22 tons of oil daily. 

12 X 2240 

With a price of oil at £'^ per ton ($2 per barrel) this is equal to 
£ 6 . 6 G ($33.30) per day, against a value of oil recovered of .£300 

($1,500), therefore percentage codt of fuel is of 100 = 2.22 
per cent. only. 

Air-Lift Process of Raising Petroleum.— The successful 
operation of the air-lift process of raising water naturally attracted 
attention towards its application to petroleum, but the conditions 
are quite different with the latter fluid, and many complications 
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arise when efforts are made to adapt the process to oil. For 
efficiently raising water, as compared with pumps, it is essential 
that the direct lift should not exceed 50 per cent, of the total sub¬ 
mergence of the air inlet in the water; that is, if there were 400 ft. 
of water in a well, even if the air were admitted to the rising main 
at the bottom of the well, it could only be raised with economy 
JO per cent, of 400 ft. = 200 ft. W'ith petroleum much the .same 
conditions must exist for efficient working, but there are few oil¬ 
fields in the world where there is sufficient oil in the wells to 
permit of the general adoption of such a process. 

The Baku oil-fields, previous to the year 1905, offered an 
excellent field for air-lifts, as there were many wells of too small 
a diameter to bail with success with a high level of liquid, and 
containing far too much sand to allow of pumping, which were 
capable of yielding from ten to fifty times their bailed productions. 
In 1899 the first experiments with air-lift in the Russian oil-fields 
were made under the supervision of the author, and in the fir.st well 
testeil under unfavourable condition.s, a daily yield of 40 tons 
(300 barrels) was obtained from a well which gave less than 8 tons 
(60 barrels) daily by bailing, whilst the extra fuel consumption did 
not exceed 1.5 tons (TI.5 barrels) of oil daily. 

The usual method is to lower a column of 4-in. tubes to 
the bottom of the well—about 10 ft. of the lowest tube being 
perforated with A-in. holes — into which is lowered a 2-2i in. 
column. This latter column, which represents the rising main, is 
sunk until it is submerged to a depth in the fluid equal to at least 
twice the distance from the level of the liquid to the surface. 
Suitable attachments are made at the surface, and air is led down 
the space between the two tubes so that it rises in the centre tube, 
aerating the fluid in the tube as it enters. The working air 
pressure approximately corresponds to the pressure due to the 
weight of tlie column of liquid representing the submergence, and 
the supply of air is adjusted to produce sufficient aeration to cau.se 
the liquid to flow in a pulsating stream at the surface. 

Air-lifts are only started by considerably exceeding the work¬ 
ing and calculated air pressure, in consequence of the friction of 
such a long column of viscous oil, the force necessary to overcome 
inertia, and the only,partial aeration of the column; indeed, the 
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first discharge after admission of air is exceedingly violent, owing 
to the formation of a piston of air beneath a long column of 
unaerated fluid. Variations of the oil level are indicated by 
fluctuations of the air pressure gauge at the month of the well, 
where it is customary to have one pressure gauge on the com¬ 
pressor side and another on the air-lift side of the valve which 
adjusts the air admission. 

If the fluid in the well falls, the discharge becomes intermittent, 
but can, if small, be made continuous by increasing the volume 
of air. There is, however, a limit after which a continuous dis¬ 
charge cannot be induced, and the action either proceeds inter¬ 
mittently, each flow of liquid commencing with a full bore flow of 
unaerated oil followed by a violent discharge of ga.s and oil spray, 
or the discharge takes the form of a constant s[)ray. With the 
intermittent or spray action the efficiency of the plant falls enor¬ 
mously, as will be seen from the figures below, but, ne\’ertheless,' 
the cost of its working is many times repaid in special cases. 

Most Russian wells jdeld a certain proportion of water with 
the oil, and often a considerable amount of sand is raised in 
addition ; indeed, its removal, as has alread\' been explained, is 
usually necessary to keep the well from “ plugging.” The aeration 
and violent agitation of oil and water in certain proportions when 
an air-lift is in operation, leads to the occasional formation of 
emulsions, some of vvhich defy all simple measures of separation. 
Some emulsions are ^ discharged from the air-lift in congealed 
grey masses of the consistency of butter, whilst others are fluid 
and have the consistency of cream. Many such emulsions liquefy 
and separate in a few minutes, but some, containing up to 30 per 
cent, of water, neither .separate after lengthy .settlement in open 
tanks nor even permit of any mechanical separation. This latter 
class of emulsion is not common, and usually producers are not 
much troubled by its formation. 

Great quantities of sand sometiftics cause the air-lift to work 
erratically for a while and may entirely stop its action, but usually 
the sand eventually gets freed and steady working is resumed. 
At such times the author has seen a thick fluid containing over 
50 per cent, sand discharged for hours before the well was cleaned 
and normal working recommenced. , 




Fig. 123.—Common Anangement of Air-Vift. 
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The gas accompanying the oil considerably modifies the action 
of an air-lift, both by diminishing the theoretical air pressure 
required and by assisting the aeration, and if a packer is attached 



Kig. 124 .- Diagram from Recording Gauge attached to Air Pipe 
connected with Working Air-lift in Oil Well. 

■Showing normal action when only ordinary ruianlilj of sand is present. 


to.the tubing in order to compel all the gas to pass with the oil up 
the rising main, the amount of air required to sustain a discharge 
may often be reduced considerably. 

In some air-lift wells in Bibi-l'iibat a diminution of output led 
to the extraction of the 2l-in. rising main tupe, when it was found 
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to have a deposit over i in, thick on the inside of the tubes. 
The incrustation was chiefly hard carbonate of lime, and was 
evidently due to a steady dc[)ositi(5n from the water accompanying 



Fig. II!,.—Di.igrani from Rerording Gauge attached to Air Ripe 
connected with Working Air-lift in Oil Well. 

Showing irregukir action due to sand plugs. 


the oil as a result of the liberation of carbon dioxide consequent on 
aeration and agitation the liquid suffered during its ascent. 

The air-lift process can with advantage be cmplo)'ed for 
rai.sing oil under the following circumstances when pumping can¬ 
not be adopted :— 
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(a) When the diameter of the well is so small that the quantity 
of oil obtained by bailing is much less than the well is capable 
of yielding. 

(J)) When the influx of sand and water in a deep well makes it 
compulsory to bail almost entirely from the bottom, consequently 
considerably reducing the yield. 

(<:) When a bailing well becomes so damaged or deflected that 
only short, small bailers can be used. 

(rf) When a sufficient head of licjuid is maintained to reasonably 
.satisfy requirements as to submergence. 

When the best submergence is secured, an air-lift plant will 
consume about 11-12 volumes of free air per volume of liquid 
rai.sed, i.e., a well taking 200 cub. ft. of free air a minute will dis¬ 
charge about 16 cub. ft., or KXi gals., a minute. When the liquid 
falls so as to give only a 50 per cent, submergence, the ratio 
increases to l volume of liquid to 20 or 25 volumes of free air, and 
in one case under the author’s observation, where the submergence 
was only 35 per cent., the ratio of liquid to air was i to 44. 

The air compressors used for air-lift pumping .are of the com¬ 
pound type, capable of working regularly at 350 lbs., but in which 
the pressure can be temporaril)’ raised to 500 lbs. per square inch. 
The usual compressors chosen have an output of 300 cub. ft. of 
free air a minute at normal speed, and one machine is capable of 
operating one well under the best conditions of submergence, etc. 

The operations of,an air-lift can be followed by the use of 
a recording pressure gauge placed at the mouth of the well. 
Variations in pressure will be attributed to the correct cause by 
experience. In Fig. 125 the erratic pressures registered are due 
to frequent influxes of sand that altern.itel)’ impeded the inlet of 
oil as they formed and freed the tubing as they were cleared. 

A detailed test made by the author of an air-lift well will give 
an idea of the general results:— 

Depth of 4-in. tubes to bottom of well - - - 1,540 ft. 

DqJth of inner 2^-in. tubes (air aclmis.sion) • - 1,463,, 

Working pressure ------ 300 lbs. 

Consumption of free air per minute - 150 cub. ft. 

Liquid discharged per minute - - . . 6.25 „ 

Proportion free air to 4 iquid - - 24 vols. to i vol. 

Air compressor, 14 x 7 x 12 in. double acting compound - 75 revs, per min. 
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High-pressure cylinder indicated - 

8.57 horse power. 

Low pressure ..... 

- 846 

Total indicated horse power 

- ' 7-03 

Steam engine driving compressor indicated 

- 36.7 

. - 17.0-? 

tmciency of compressor x i oo 

46.4 per cent. 

Submergence by calculation 

- 693.8 ft. 

1) t ^’ 93 -^ 

l ercentage su])mergence — „xioo 

I 4'’3 

47.4 per cent. 

Direct lift of liquid 1,463 - 693.8 - 

770 ft. 

Weight of li(juid raised per minute 

396 fbs. 

Theoretical horse power required to vaibe luiuid - 

9.24 horse power. 

Total efficiency of plant ’^ 7 "* x loo 

25.18 per cent. 


The above calculation disregards slight corrections for tempera¬ 
ture, atmospheric conditions, etc., and represents, as will be noted, 
the ratio between the theoretical power required to raise the liquid 
from the level at which it stands in the well to the surface, and the 
indicated horse power of the engine driving the compressor, so 
only neglects boiler efficiency, that could be taken at about 65 per 
cent, under oil-field conditions, Other tests gave efficiencies vary¬ 
ing from 8.5-40 per cent., according to submergence. 

Chart No. 126, based on many tests, approximately indicates the 
working conditions with oils of .880 gravity and a certain amount 
of water and gas. 
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These show roughly the following :— 

With 70 per cent, submergence 11,75 cub. ft. free air per cub. ft. fluid raised. 


,, 60 „ 

11-75 

71 n 

50 

„ 14.80 


„ 40 

.. 26.00 „ ,, 



The capacitie.s of air-lift plants may be estimated appro.xi- 
mately as under;— 

2-in. discharge pipe 150 to 270 rule ft. per hour. 

= 260 „ 550 „ 

3 „ 550 „ 800 .. 

Some published data of air-lift results in the Kern River oil¬ 
field of California arc interesting.' Compressed air, at a pressure of 
150 Ib.s. per square inch, was used for operating some twenty wells. 
A 14-in. air pipe and a j-iii. tlischarge main were used in the wells. 
Some 550,000 gals, of liquid were daily extracted from the twenty 
wells, with an air consumption of 4,450 cub. ft. per minute. This 
repre.sents about 28,000 gals, of liquid per well jier diem. The 
cost of running the plant was estimated at $3.44 |)er well per day, 
and if the yield of oil per well be taken at 25 barrels daily, the cr).st 
of air amounts to 13.75 cents per barrel of oil lai.sed. The |)oor 
ratio of 74 volumes of air per volume of liquid raised is deduced 
from the above figures. 

Compressed Air Systems of Raising Oil.—Quite distinct 
from the air-lift, the normal aetion of which is due to die lightening 
of the column of liquid by aeration, are systems in which air in 
volume is used to expel the oil. .Strictly speaking, the air-lift is 
no longer pure aeration of the fluid when it commences to work 
intermittently, and the liquid is expelled in mass by volumes of 
ascending air, and similarly when oil is discharged in the form of a 
spray the action is that of an ejector. In the United States the 
periodical introduction of compressed air to the bottom of wells of 
small diameter which yield little or no sand is often practised 
with success, each admission of air causing the well to flow. The 
quantity of air and periods of admi.ssion naturally vary with the 
diameter of the well, amount of gas, and level of liquid, which latter 
also determines the pressure of air necessary. 

' “ Petroleum Industry of California.” Loc. cit. 
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Compressed air can be employed for raising oil from low- 
level wells by the following means, introduced into the Russian 
oil-fields by R. Stirling: A column of 2^-3 in. tubes, near the 
bottom of which is attached a receiver of enlarged tubing, is 
lowered into the well .so that the larger tubing is entirely submerged 
in the oil. The lower 10 or 12 ft. of the tubing below the receiver 
is perforated to admit the oil freely, and at the lower junction 
between the receiver and tubing is attached a ball valve on a seat¬ 
ing. An inch pipe inserted inside the 2i or 3 in. tubes conveys 
the air to a point immediately above the valve, .so that by admitting 
the air to the l-in. pipe, the ball valve is forced upon its seating 
and the accumulated oil in the receiver and rising main is driven 
to the surface. A violent escajic of air ensues as the last portion 
of the oil is ejected, and on the release of pressure the fluid from 
the well rushes into the receiver and rising main from the well. The 
discharge is made to actuate a device which automatically shuts 
off the air, whilst another arrangement admits the air at intervals, 
the periods of which can be adjusted to suit requirements. The 
cost of such .systems far exceeds jnimping, both in initial outlay 
and upkeep, and its employment is restricted to special cases where 
for some reason other methods of oil extraction are unsuitable. 

Causes and Prevention of Premature Decline of Produc¬ 
tion in Oil Wells. —On pp. 131-411, many causes for the irregular 
movements of oil are mentioned under the heading of subterranean 
movements of oil, and it is only intended here to briefly refer to 
possible causes of premature decline of production, and enumerate 
some of the means that can be applied to alleviate these con¬ 
ditions. Abundant proof of the advantages of careful nursing is 
found in the variation in yield of wells under an indifferent and 
a conscientious, observant field manager. Under the paragraphs 
dealing with bailing, pumiiing, and swabbing wells will be found 
hints known to all practical oil men concerning the treatment of 
producing oil wells. 

Natural c.xhaustion can have no remedy, but areas conveying 
that impression can r)ften be revived by methods which arc being 
studied more closely every day. Creation of a partial vacuum, 
rinsing strata by water, and forcing air into oil beds, have all been 
tried with partial success, but these can usually only be applied on 
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a large scale with the acquiescence of a number of producers, some 
of whom may be antagonistic and decline to allow methods for 
the general good to include their properties. 

Remediable premature reductions of yield of wells may be 
roughly classified under the following causes:— 

1. Caving of strata, sometimes accompanied by damage to 

casing. 

2. Plugging of perforations in casing or .slots in screcirs. 

3. Deposition of solid paraffins, 

’ 4. Irregular c.xtraction from wells. 

5. Waste of ga.s or loss of eartli pressure. 

6. Unskilful extraction (jf oil. 

7. flooding by water. 

fi) Cdvitig or Silting np oj Wells. —P'c'v oil rocks entirely resist 
the influence of disintegration during the process of oil extractioij. 
Loose .sands and those not greatly consolidated readily break¬ 
down during the process of delivering l'.]i their fluid contents, 
and the material may accumulate sufficiently to entirely or 
partially exclude the admission of oil to the well, failure to 
remove accumulated cavings not only leads to a diminished 
yield of oil, but po.ssibly to a permanent deflection of the flow 
of oil and ga.s to other and perhaps rivakf wells. In some ca.se.s 
such a plug constitutes an actual danger to the well, as in the 
event of a high level of liquid being maintained behind the 
casing it may suffer 1 collapse if the interior is pumped dry, par¬ 
ticularly when in a corroded or weakened condition. In some 
oil-fields large numbers of nodules collect in the wells, and these 
have often to be broken u]5 with a pick or other tools before they 
can be raised in sand pumps. 

If the method of oil extraction in u.sc fails to withdraw 
accumulated sediment and it rises to a point where the ingress 
of oil to the well is obstructed, it js necessary to remove pumps 
or other appliances from the well, and clean out the materia! 
causing the congestion with the aid of bailers, sand pumps, 01 
even light tools in some cases. Where small quantities of .sane 
usually enter the well with the oil forming a consolidated body 
and there is no' lower water, it is a common practice to carrj 
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the well some 30-50 ft. deeper than the oil source, thus 
leaving a receptacle where detritus may collect and be removed 
at intervals. This procedure is, of course, impossible when bottom 
water exists or is feared. 

Occasionally earth movements occur of sufficient magnitude to 
throw out of action a whole group of wells, and even to destroy 
the casing of some, in oil-fields where large quantities of sand 
are abstracted with the oil. In such cases oil can often be 
induced to return to undamaged wells by the introduction of oil 
or water in large quantities, ob.structions being broken down in 
this way and communication with the well re-established (see 
p. 140). 

The cost of cleaning wells differs greatly, from an insignificant 
sum to an appreciable charge on the oil production account. A 
gang of well “pullers" may be able to handle ico wells in one 
field and onl\' ten in another. .Some figures abstracted from the 
author’s notes indicate in a field of moderate difficulties costs of 
about $15 per well per month, and about 1.7 cents per barrel of 
production. 

Bailing wells, and those where much caving occurs, may' cost 
much more and entail the u.se of drilling machinery. 

(2) P/ugi^inj^ of Perforations in Casing or Sereens .—Clean sands 
free from argillaceous matter rarely obstruct the inlet of oil, 
also where they are repeatedly covered or uncovered by liquid 
a permanent pack is not so readily produced as where they 
are always immersed in fluid. Orifices are (]iiickly plugged if 
there are thin .scams of clay or shale in the .sand from which 
fragments become detached and travel with the oil. Particles of 
overlying shale or clays often find their way behind the casing 
to the perforations of screens, and in cour.se of time securely 
plug them and so exclude or seriously impede the inlet of oil. 

Such occurrences can best be dealt with by introducing into 
the well a sufficient head of liquid to clear away the obstacles. 
If this fails a pre.ssure should be artificially added with the aid 
of a pump, cither oil or water being used for the purpo.se. The 
presence of much argillaceous material of a particularly' plastic 
and obstinate variety may prevent the above operation being 
successful in the rase nf screens and readmissinn of oil can 
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only be obtained by removing the screen. Obviously their use 
should be discountenanced under such circumstances. 

(3) Deposition of Solid Paraffins .—Loss of volatile products that 
act as a .solvent of .solid paraffins in crude oil, or the refrigerating 
effect of the escape of large volumes of gas, often causes the 
precipitation of solid paraffins. Thc.se bodies pla.stcr up the walls 
of the well, crystalli.se in the pores of the rock around the pocket of 
the well, and in course of time cut off the supply of oil to the well 
unless removed in some way. Reference has been made to the 
clearing effect of .swabbing in the Galician oil-fields on p. 482, 
and there are cases known where, in ignorance of the true facts, oil¬ 
fields of great value have been for years abandoned as exhausted. 

Accumulations of wax on pump rods and tubing can be 
scraped off, and that about the interior of wells can be removed 
by bailers and sand pumps after being detached or broken up by 
tools, as it is always a .soft substance offering little resistance. 
Recovered scrapings and extracts are preserved, as the}’ constitute 
quite a marketable product. The release of paraffins which have 
clogged the pores of the rock around the well is a less simple and 
more costly undertaking. Until recent years the full significance 
of its importance has not been appreciated, with the result that old 
fields are being reopened by the use of appliances to melt 
obstructing bodies. Boiling water or steam can be applied with 
advantage where boilers are available, but more recentl}' electrical 
heaters have been u.sed. Pennsylvanian contractors were willing 
to electrically treat oil wells on the basis of receiving for their 
services one half of any resultant excess production. They had a 
small portable plant driven by an internal combustion engine, and 
it is said they made an enviable income on these terms. Solvents 
of paraffin, such as benzine, can sometimes be used with advantage 
where other mean.s are less convenient; and mild explosives will 
often induce a return of oil as a result of shattering and perhaps 
also warming of the rock. The introduction of heated masses 
of metal is sometimes beneficial. It has been suggested that* 
recovery of earth temperature after reduction by escaping gases 
induces re-entry of oil to wells, this latter event being promoted ■ 
or hastened at times by percolation of water of earth temperature 
into the partially exhausted oil sand.s. 
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(4) Irregular Extraction of Oil .—The advantages that accrue 
to the first wells that reach a new oil source in an area are fully 
appreciated by operators in many oil-fields. Under the influence 
of high initial gas pre.s.sure, lines of lea.st resistance along bedding 
or fault planes, joint cracks, etc., develop into feeders to the well, 
and these establi.shed channels are not readily deflected by 
subsequent development in the vicinity, provided extractitui is 
continuous. Cessation of extraction as a result of faulty plant, 
neglect, or other cau.ses may result in the diversion of the main 
supplies of gas and oil to other points of abstraction where more 
active operations are in force: once diverted, oil may not be 
induced to return. It is for this rea.son that the total closure of 
flowing wells is condemned, and the absolute suspension of pro¬ 
duction is always regarded with mi.sgivings even when production 
is suspended on all wells in an area. 

Oil wells usually give the best }'ields and least trouble when 
steadily pumped night and day at a constant rate ascertained by 
trial and observation. Below a certain rate of withdrawal, 
neighbouring well.s, perhaps of rival pmprietors, may benefit; 
above that ascertained rate the drag is e.xccssivc, and sand is 
often drawn in, causing stoppages for cleaning the well, and 
al.so for frequent renewal of pump parts if the well is pumped. 
The intermittent action in.separable from bailing is one of the 
recognised objections to that s}’stem, which nevertheless has to 
be continued in fields like some of the Russiaij and Roumanian. 

(5) li'as/e of Gas Pressure .—Even to-da}- it is comparative!}' 
few that do not view the waste of gas on oil-fields with unconcern. 
Viscous oils impregnating fine-grained and often partially 
cemented .sands can be little subjected to the influence of 
gravity where the strata are inclined at but a few degrees from 
horizontal. It is therefore quite apparent that in the absence 
of water it is upon the gas alone that reliance must be placed 
for the expulsion of oil from the rock. L. G. Huntle}’ affirms 
that in man}' of the American oil - fields the safety of the 
field from invasion by water is dependent upon the retention 
of a certain gas pressure,' and he refers to a disregarded 

* “Possible Cause of Ihe Decline of Oil Wells,’’ L. G. Hiintlcy, bureau of 
Mines, 1913, Washington, U.S.A. 
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Oklahoma law requiring the retention of 50 per cent, of the 
open flow of wells. 

Some loss of gas without performing work is unavoidable, 
but deliberate waste on a large scale is no longer justifiable 
in any but perhaps a few cases where its control is difficult 
and dangerous, and its intimate mixture with the oil prevents 
any isolation. The greatest loss of potential energy undoubtedly 
arises from the excessive number of wells sunk in a definite area, 
each of which, in most cases, dail_\' belches forth into the 
atmosphere, gas liberated without performing mt)rc than a fraction 
of its possible power. 

A witness in evidence before an .'American Commission, referring 
to the uncontrolled waste in the Glenn pool of Oklahoma, sub¬ 
mitted that in this one field $11,250,000 was spent in sinking 2,500 
wells when 706 should have sufficed to drain the area, costing only 
$3,177,000. The wasteful development following local excitemtffit 
resulted, he contended, in the price of oil falling from $1.31 to 38 
cents and even 20-30 cents per barrel in special cases, and the 
value of properties being reduced by more than 50 per cent. 

Perhaps the most effective way of utilising natural gas is to 
allow wells to flow naturally by heads where possible, after the 
insertion of a diameter of casing suitable to their requirements. 
In these circumstances oil accumulates in a supersaturated state 
till the column is lighter than the atmosphere, when it starts flowing, 
the rate of expulsion increasing rapidl)' after once the oil is put 
in motion on account of the expansion of gas following reduced 
pressure. This procedure is only possible when the wells are 
widely spaced so as to avoid the influence of draining on the sands 
by rival operators less scrupulous about waste. 

Gas pressures are always referred to in terms of atmospheric 
pressure, but the imposition of a partial vacuum is equivalent to 
an increa.sed pressure of equal amount, in fact it is more in 
the case of most petroleums, as at earth temiieraturos diminished 
pressure results in the volatilisation of light products. Gas so” 
formed in the earth is an agent of transportation for the oil, and 
that such volatilisation does take place under reduced pre.ssure is ■ 
clearly shown by the increased percentage of condensable products 
in extracted from wells under a partiaWacuum. 
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Operators frequently take advantage of a partial vacuum vrhen 
signs of exhaustion appear, and in nearly all cases improved yields 
of oil result. Oil-fields producing asphaltic oils of light density 
can have their life greatly prolonged by using vacuum pumps or 
exhau.sters on the wells, but where paraffin oils exist, the increased 
deposition of wax may more than neutralise any improvement 
resulting from diminished pressure. The use of vacuum pumps by 
one operator is quickly reflected in the returns of neighbours not 
■SO equipped where wells arc not widely spaced, consequently the 
introduction of the system is closely followed by its general 
adoption. 

Exhausters can be designed as single units operated by the 
walking beam or jerker line that transmits motion to the pump, or 
where wells are not too widely Sfiaced, by the installation of a 
central exhauster connected to pipes that lead to the wells. It is 
scarcely necessary to emjjhasise the importance of air-tight fittings 
about the wells for the maintenance of a considerable vacuum 
without great expense of power. 

(6) Unskiljtil Extyaclion of Oil .— Whatever the process of 
extraction, judgment gained onl)' by experience and study of 
local conditions can decide on the best manner of performing 
the work. Whether the well be pum[)ed, bailed, .swabbed, or 
operated b}- air-lift there is a speed of extraction or a periodicity 
of working that is best adapted to each case. Oils betraying 
a dis|5osition to deposit solid hy'drucarbo.ns require especial 
attention to ensure a maximum .safe rate of yield. In some 
wells the level of oil cannot be reduced below a certain point 
without eruptions of gas, inrushes of sand, or influx of water, 
all of which can be avoided by the maintenance of a correctly 
ascertained speed of working. Some wells that become exhausted 
by pumping or bailing give best results by being operated 
several times daily, others give the highest yields when worked 
one or two days weekly', a high level of liquid collecting in the 
interval of repose. 

Experience has shown the wisdom of not reducing the level 
of liquid below the oil-bearing stratum in fields where paraffin 
oils occur, and means have been devised, and‘are sometimes 
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put into execution, for automatically throwing a pump out 
of action or returning oil to the well when a certain pre¬ 
arranged level from the .surface is exceeded. Even in fields 
yielding asphaltic oils it is usual to refrain from drying up 
the well, in the knowledge that the outflow of oil is in some 
way restricted by such exposure, due possibly to the deposit 
of mineral salts and accumulation in the sand pores of oils 
that have lost their most volatile contents and become more 
viscous. 

Undoubtedly differences of opinion exist concerning the relative 
merits of continuous and intermittent extraction. There are 
numerous ca.ses where intermittent pum[)ing is practically enforced 
by the small yield of wells if needless wear and tear of machinery is 
to be avoided. Tests conducted by the author in one large oil-field, 
where the average daily yield of wells by pumi)ing was between 
three and five barrels, indicated that a .somewhat smaller pro¬ 
duction resulted from pumping groups of wells once every few 
days, instead of several times daily. It w'as, how'ever, doubtful 
whether the loss of production was equivalent to the saving 
efibeted in labour and wear and tear of machinery. The subject 
must be approached with caution, and with no preconceived 
conclusions if los.ses are to be avoided, as the .subject has been 
little inve.stigated, and the problem is bristling with difficulties 
and po.ssibilities. 

In another field, where bailing and pumping were practised 
side by side, and most wells suffered a serious fall of level when 
operated, some inconclusive tests w’ere conducted. As in the 
.other e.xamples, an immediate loss of oil was sustained, but 
whether the ultimate yield of wells would be diminished it was 
impossible to say. 

Increased yields are often obtained from groups of wells by 
rapid pum|)ing from one where, perhaps, water is found in excess ; 
or the suspension of one or .several wells will lead to an increase, 
of production from the others, corresponding with the output of 
the stopped wells. Leaks in rising main of pumps, worn cup 
leathers, and other neglected details may be a source of loss, 

(7) Flooding by Water .—This common cause of premature 
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loss of wells and oil-fields is dealt with elsewhere in detail under 
exclusion of water, etc. 

Encroaching water must not be confused with moderate pro¬ 
portions of indigenous waters that often favourably influence the 
percentage extraction of oil from the sands by the rinsing action 
they set up. Few fields disclose an entire absence of water, and 
the greatest gu.shers on record have often been characterised by a 
fair and fluctuating percentage of water, cither emulsified or not. 
In almost every oil-ficld the extracted oil is contaminated with a 
certain proportion of water, either indigenous to the oil-bearing 
stratum, or admitted through the medium of faulty wells from 
upper or lower water-hearing strata. Even if quite obscured, 
settlement in tanks nearly always disclo.ses the occurrence of 
water, but such quantities need not be viewed with alarm, and, 
as explained, may even be welcomed. 

From 5-20 per cent, of water is common in oil-fields, and 
large producers often give as much as 50 per cent. An ex¬ 
amination of 450 wells in the Coalinga oil-field of California 
showed 21 per cent, making 10-50 per cent, of water, and 
4.4 per cent, making over 50 per cent, of water.' 

Emulsions and their Treatment. —Mixtures of oil and 
water, when agitated in the presence of fine inorganic material 
such as sand, cla)', or precipitated mineral salts, readily form 
emulsions. Some quasi-emulsions readily break up on short or 
prolonged settlement, but others do not, antUare an endlc.ss source 
of anxiety and expense to oil-ficld operators. Ouasi-emulsions of 
the simple variety, and obstinate emulsions have been ob.served 
repeatedly in air-lift plants, the intimately mingled oil and water 
being expelled at times in masses of the consistency of va.selinc 
or butter at summer temperatures, but the latter always quickly 
disappeared on settlement in tanks. This solid mixture appeared 
generally during intermittent action of the air-lift, and at a point 
near the junction of oil and water such as is well defined during 
such action. Thus oil is first expelled, then the emulsified 
material, followed by water which had separated out during 
the period of quiescence. Less docile emulsions frequently 

* “Petroleum Industry of California.” Loc.dt. 



504 Oil-Field Development 

appear in many oil-fields, and in some enormous quantities of 
such material have been thrown away in desperation. 

Engler has referred to the occurrence of refractory emulsions 
in the Tarnawa Dolna-VVielopole field of Galicia, where oil is 
recovered from fissures in Oligocene sandstone at depths up to 
700 metres. Gushers were common, but after about a year the 
wells turned to “ Marast,” a thick brown mass that only burned 
when mixed with other oil. It usually collected, when placed in 
vessels, at the junction of the oil and water, and acquired such 
density that small stones would not pass through it. This emulsion 
was found useful for road dressing. 

Difficulties through emulsions chiefly occur in the heavy 
oil districts, such as California, where dchyd''ating processes 
have been forced upon operators to save millions of barrels of 
oil from being wasted ; but the troubles occur at intervals in 
other fields where oils of light density are abstracted. Baku 
well shave at times yielded as much as 150-200 tons (1,050- 
1,400 barrels) of repulsive-looking, refractory emulsion, although 
the density of the crude oil is only .880. Lengthy settlement 
failed to bring about separation in some cases, but in others a 
partial separation occurred and some oil was recovered by treating 
them. 

An electrical process has been evolved by Messrs Cotterell 
& Speed that has given satisfaction where erected, and for 
which is claimed a high efficiency in purification at moderate 
cost. The principle is based upon the property of a high-tension 
current to pierce a dielectric such as is produced by globules of 
oil, and to release their water and mineral contents in an effort to 
establish connection between two electrodes. Once the encircling 
films are broken, water chains are formed enabling freed oil 
particles to coalesce. 

Chief interest lies in the electrical clement, which consists of a 
i,jtertical cylindrical vessel on which arc mounted two concentric 
-electrodes composed of taut wires strung from an upper and lower 
spider or frame. The central electrode is built on an insulated 
frame attached to a vertical shaft rotated by bevel gearing, and 
/carefully insulated, whilst the outer electrode is fixed to the' sides 
of thej'essel and is earthed. In the event of a short circuit causing 
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the rupture of a fuse, steam is automatically introduced to suppress 
any fire. For heavy viscous oils the vessel is heated by steam and' 
clad with some non-conducting material to conserve heat. 

An electrostatic pressure of from 10,000-15,000 volts is 
applied to the inner electrode, and the observed tendency of 
globules of water to form chains is defeated by the rotation of the 
electrode causing these strings to break after being lengthened, 
and incidentally, at the same time, increasing the efficiency of the 
apparatus, and decreasing the consumption of power. Quasi¬ 
emulsions arc abstracted from the oil by its pa.ssagc through a 
water trap and filter prior to its introduction to the vessel; and 
subsequent separation of oil and water is effected by passing the 
treated mi.'cturc into a second water trap. 

It is claimed that each unit treater will treat from 50-150 
barrels (7-21 tons) a day, according to the gravity of the oil and 
amount of water, and that the power consumption is about 37 kw.- 
hours per day—29 kw.-hours for the treatment, and 8 kw.-hours 
for the power of rotation. At 2 cents (id.) per kw.-hour the cost 
per unit is therefore about 75 cents (3s.) per treater per diem, 

or say |^ = o .75 cent per barrel on the basis of lOO barrels per 

day treated. 

Other .systems used in California are de.scribcd by Messrs 
Paine & Stroud.’ One method suitable for the least obstinate 
emulsions provides for the passage of oil through a finely perforated 
pipe in the base of a tank containing somc’io ft. of water. The 
water is heated to about 200° F. by a .steam coil, and in the 
passage of the emulsion through the water separation is effected 
and the oil accumulates on the surface and is led away. 

Another .system is described in which the emulsified oil 
is raised to a temperature of from 375°"42 5" h. by passage 
through retorts. The heated oil and vapours are led into an 
evaporator where the oil flows down in a fine film, allowing the 
escape of water vapour; evolved vapours arc led off to a condenser 
after both the.se and the escaping oil have been used for heating 

> “Oil Production Methods,” by Paine & Stroud, Western Engineering Co., 
San Francisco. 
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up incoming crude material. The co.st is .said to be between 
3 and 4 cents per barrel (lo.ld. to i.s. 4d. per ton). 

Commingled, even intimately commingled, mixtures of oil 
and water can be separated by heating. Either steam directly 
admitted to such oil, or passed through coils in the base of a ves.sel 
through which the oil is passed will effect separation, and for this 
purpose exhaust steam can often be economically employed, as a 
temperature of about 200^ F. is ample. Any evaporated spirit 
can be condensed by conductitig the output of the vessel in 
which the heating is performed to an atmospheric or water 
condenser. Spirit so produced is sometimes returned to the crude 
oil to facilitate .separation. Centrifugal .separators have been u.sed 
with success with .some oils. 

True emulsions, however, arc onl_\’ formed in the pre.sencc of a 
finely divided third body insoluble in both the oil and the water, 
and they are due to the formation and collection around tbe 
particles of oil of a coating or pellicle that prevents the globules of 
oil from coalescing. Under the microscope the solid particles 
may be ob.served encircling the globules of oil. Emulsification 
apparently depends chiefly upon the size of the jrarticles involved, 
and gas is naturally the agent of agitation in oil wells that develop 
this feature. 

An emulsion from a Romany well in the H;iku oil-fields of 
Russia, containing much fine sand (see 3, Fig. 127), was most easily 
de-emulsificd by methylated spirit, and doubtless any solution in 
which both oil and water dissolve would break down emulsions. 
Sulphuric acid caused partial dc-emulsification, but, singularly, 
nitric acid and water immediately and completely restored the 
emulsion. A cold water extract of the emulsion yielded :— 


Magnesium 
Sodium 
Chlorine 
Total sol nib 


.103 fjramines in 500 c.c. of water. 
1 - 3-0 >, „ 

2.200. ,, ,, ,, 

4-250 


The solution on evaporation conli-acled a persistent soapy- 
looking film which, on heating further, blackened, got white again, 
and fused ; the loss on ignition being 11.7 per cent. There was 
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no evidence of aluminium till after evaporation and ignition, and 
solution in HCl, so probably it is in the form of palmitate of 
alumina. In both cold and hot water solutions there was evidence 
of a soap and organic matter, and some curious cry.stals were 
formed on evaporation after treatment with alcohol, but not 
enough for chemical examination. 

Emulsions contain usually from 30-60 per cent, of water, 
and the subject of dehydrating the heavy oils of California has 
assumed such importance that extended investigations have been 
undertaken to discover a cheap means of treatment. 

Emulsified oils are often known in the .American oil-fields as 
“ roily ” oils. 



CHAPTER XI. 


OIL-FIELD EQUIPMENT. 


Selection of Tower — Steam Boilers anil Accessories — 'I'hcory of Oil C om¬ 
bustion—Steam Imgincs — Internal Cumbnslion Engines Kieitric Light¬ 
ing—Elc< tnc Powei-- Design and C'onstrtiction of ?i[)c Lines—Submarine 
Pipe Lines- Pumps—Measurement and Storage of Petroleum Cause. 
Prevention, and I'.xtinction of Eircs- Mcclianic Shop and Buildings. 

Selection of Power. —To one unacquainted with oil-field work 
the selection of the best kind of power tt) be employed for 
prospecting purpo.ses may appear of little concern, but in practice 
much consideration .should be given to the subject unlc.ss dis¬ 
appointment is courted. Steam is, and always ba.s been, the 
favourite source of energy, chiefly on account of the simplicity 
attending its generation and utilisation, as well as the flexibility 
of the steam engine. No motive power requires less .skill anc 
attention than a steam engine, nor will any motor better witlistam 
the rough treatment to which machinery is usually subjected it 
pioneering work, where .skilled artisans are rarely available. 

When prospecting is undertaken in a regioi: far removee 
from railway communication or even macadami.sed roads, tht 
transport of a heavy ' steam boiler is a costly matter, and on< 
naturally considers other and more compact sources of motivt 
power, especially if fuel is not locally jtrocurablc. If wate 
and either wood, coal, oil, or gas fuels can be obtained locallj 
at a rea.sonable co.st, a .steam engine and boiler .should b( 
certainly chosen for prospecting unless the transport difficultie: 
are almost insuperable. _ Where water is scarce and solid fuel, 
are expensive and perhaps difficult to obtain at any cost, thi 
question of internal combustion engines is naturally raised, anr 
these may with advantage be u.sed in certain circumstances. Fo 
reasons which are given el.scwhere (.see p. 526), internal combustioi 
engines arc not suitable for all systems of drilling, and where thei 
employment is practically unavoidable, it may be advisable t( 
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change the form of rig to suit the type of power. Electrical 
power is usually removed from the province of probability for 
prospecting, owing to the absence of available sources of power, 
and the high initial outlay a generating plant implies before the 
commercial worth of a district has been demonstrated. Where, as 
is frequently the case, small quantities of crude petroleum can 
be extracted from hand-dug pits, certain types of oil engines 
can be employed with suitable drilling apparatus. 

Not quite the same considerations influence the choice of 
power on a working oil property as on a prospecting venture 
where a certain amount of uncertainty as to the future exists. 
The scarcity or prevalence of fresh water or water of any character 
in the vicinity largely influences the choice of power, although 
such features as means of transport, character of ground, and 
topography have an important bearing on the case. In many oil 
regions fresh water is very .scarce although there is an abundance 
of salt water, whilst in other ca.ses local waters are so contaminated 
with salts in solution and organic impurities th^jtheir direct 
employment in steam boilers is attended with greaf risk. 

The relative cost of wood, coal, and oil, and the existence 
or the absence of natural gas affects the problem of power 
considerablj’, whilst the system of drilling dictated by local 
conditions also influences the choice of power. The climatic 
conditit>ns, distance apart of individual wells, and average 
time taken to complete wells in the district also enter into 
one’s calculations when deciding upon tl’e nature of power to 
be adopted. Sometimes conditions justify tlie installation of 
evaporators for the production of fresh water from sea or other 
bad water, for employment in boilers, consequently brief par¬ 
ticulars of such plants are given in a subsequent paragraph. 
The use of electrical power for oil-field work is extending, but its 
general adoption has been delaj-ed by the disinclination of manu¬ 
facturers of electrical plant to study the peculiar duties the motors 
have to perform whilst ensuring safety, economy, and reliability. 

Steam Boilers and Accessories. —Where there is a moderate 
supply of fresh water, the use of a multitubular portable boiler is 
customary for oil prospecting work. Special portable boilers, 
often known as the Colonial type, are made in sftes for evaporating 
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from 800-1,500 lbs. of water per hour, and they are provided 
with an extra large fire-box suitable for burning wood or liquid 
fuel if occasion demands. They should be furnished with injector, 
feed pump, and forced draught jet, and be sent out with spare 
boiler tube.s, al.so fire-brick furnace attachments and liquid fuel 
burner, if the burning of liquid fuel is probable. Lagging to reduce 
radiation losses should not be omitted ; fusible plugs should also 
be included, and high-class fittings provided throughout. 

For an ordinary American cable or Canadian drill, a boiler of 



1,000 lbs. per hour capacity under normal working is sufficiently 
large, but where the climate is very cold, the wells deep, or 
additional steam is required for subsidiary power, as pumping water 
or driving electric light motor, a larger boiler should be used. 
When using rotary water-flush systems of drilling, where the casing 
or tools have to be rotated, and a pump worked under high 
pressure at the same time, a boiler should be u.sed capable of 
evaporating easily 1,500-2,000 lbs. per hour. 

The following are particulars of portable boilers made by 
an English firm and largely employed for oil prospecting and 
development all ov'er the world. 
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Particulars of Drilling Boilers. 


Heating) surface 

j 200 sq. ft. 

241 SC|. ft. 

254 sq. ft. 

294 SCj. ft. 

Grate area - . . . 

10.14 n 

12.25 ■, 

1:3.25 M 

12.25 .. 

Evaporation in li^s. per houi - 
Weight with chimney, wheels, 

1,000 lbs. 

1,100 lbs. 

1,1 50 lbs. 

1,320 lbs. 

fittings, undeigear 

, 77 1 

97 rwt. 

97 ( wl. 

104 cwt. 

.... ..... 






The boilers will evaporate about 8-9 lbs. of water per lb. of 
average coal. When wood is u.sed the boilers consume between 3 
and 6 cords of wood a day of twenty-four hours, or 13.5-27 cub. 
ft. of stacked wood per 1,000 lbs of steam. When oil-fed the 



boilers will consume from tons (say 5J.-8i barrels) of oil 

per day of twenty-four liours, or if ga.s i.s used somewhere about 
2,000 cub. ft. per hour should be allowed. Such multitubular 
boilers will evaporate about 5 lbs. of water per square foot of 
heating surface, and consume about 18 lbs. of coal per square 
foot of grate surface per hour. Tlieir thermal efficiency is about 
63 per cent. P'igs. 128 and 129 show typical oil-ficld boilers. 

Portable boilers are generally placed as near as possible to the 
engines, which latter are usually sufficiently far from the bore hole 
to avoid ignition of any ordinary quantity of gas which may be 
evolved during drilling. If strong gas is suspetted the boilers 
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must not be located near the well, and always to leeward of pre¬ 
vailing winds. 

One common type of American boiler is known as the Califor¬ 
nian boiler. It consists of an ordinary cylindrical tubular boiler 
arranged so that when mounted on masonry or iron framework the 
firing is performed beneath, the flue gases after pa.ssing the length 
of the boiler being led through the tubes from the back to the 
point where the smoke .stack is located. These boilers are made 
in sizes from 25-45 nominal horse power, and are largely used 
in the oil-fields of the States. Needless to say, the multitubular 
type of boiler must never be used with salt or dirty waters. 

In many oil regions the u.se of high evaporative boilers is 
prohibited by the absence of fresh water, and either locally obtained 
saline water or sea water has to be used. In such cases, steam is 
usually generated in either Cornish or Lanca.shirc boilers at a 
pressure which should not exceed a ma.ximum of 60 lbs. per square 
inch. Such boilers of sufficient size to suppl)' steam for even 
one drilling well are too large and heavy for portability on wheels, 
and they are either set in a masonry structure, or in a sheet-iron 
frame which can be lined with fire-brick, .so that the flue passages 
pa.ss along the bottom and sides of the boilers. 

A fixed boiler of the above description has many disadvantages, 
apart from its weight and size, which lender its transportation 
expensive when oil prospecting is proceeding. Its erection is not 
only expensive, but much time is occupied in the work. Its range 
of effective action is, limited, ,iS condensation, especially in cold 
climates, makes it impossible to supjily .sufficient steam at the 
required pressure for a radius exceeding a certain limit. The 
evaporative efficiency is low, especially as a heavy .scale accumu¬ 
lates after a short period under steam, and about 30 per cent, of 
the water fed to the boiler has often to be blown off to keep the 
density within the limits of safety. Then, in addition, there is the 
ever pre.sent danger of a collap.sed flue or burnt plate, either through 
inattention to regular blowing off, or to the safe period between 
successive stoppages for cleaning being exceeded. 

Caspian sea water was, until the use of electricity commenced 
in 1900, practically the sole source of power in the Baku oil-fields of 
Russia, and even' in 1908 three-fourths of the pow'er was generated 
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in Lancashire boilers fed with sea water. Practically no fresh 
water is to be found within many miles of the y\psheron oil-fields ; 
indeed, the ioo,cxx> inhabitants of Baku were, until 1914, provided 
almost entirely with distilled water obtained from evaporators. 
The defects of such a system have long been recognised, but as the 
wells are located near together, and it is inadvisable and illegal to 
have a boiler near an oil well, the continuation of the system is 
more excu.sable than would otherwise be the ca.se. Nevertheles.s, 
the waste of fuel as a result of such defective steam .s)'stems was 
enormous, and the rising prices of crude oil inspired producers 
to seek cheaper sources of |)ower. The author has found that the 
average nominal 45 II.P. Russian Lancashire boiler, 6 ft 6 in. 
diameter by 30 ft. long, and heating surface of about 750 sq. ft, 
will Old)’ produce, using sea water, less than 10 lbs. of steam per 
lb. of crude oil fuel having a calorific value of 20,000 B.T.U. ])er lb., 
less than 50 per cent thermal efficiency. The loss in distribution 
through long steam mains on account of friction and condensation 
i.s so great that when the average air temperature is Ho" F., the 
consumption of fuel is between 5 and C lbs. per B.II.P. per hour, 
whilst in winter the consumption exceeds the.sc figure.s. 

So excessive is the wear and tear on boilers using sea water, 
and .so great the waste of fuel as a consequence of its use, that the 
author’s firm in one case installed, with considerable success, where 
there was no fresh water, an evaporating plant, and used fresh 
water in multitubular boilers on an oil projicrty where the opera¬ 
tions extended over .several square miles. W'liere sufficient gas is 
available for fuel, and there is an ample supply of sea water, this 
course can always be successfully introduced. 

Where only sea water is available, plain c) lindrical ves.sels have 
been used as boilers, the heat being applied by firing below and 
leading the gases along the sides of the vessel also. Such boilers 
admit of easy cleaning, but their eva[)orati\'e efficiency i.s exceed¬ 
ingly low. 

In certain Russian, Roumanian, Galician, Texan, and other oil¬ 
fields, where the wells are placed close together, steam boilers are 
arranged in batteries of six, twelve, or more, the steam being con¬ 
ducted about the properties by well-insulated mains. The exist¬ 
ence of large quantities of gas in .some oil-fields has led to stringent 
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laws being enforced regarding the position of boiler-houses and 
their relation to oil wells; steam is, as a result, often led long 
distances with consequent considerable losses. 

Liquid Fuel Installations .—Steam boilers on oil-fields are 
almost universally fired by oil if gas is not available, but perfect 
combustion can only be accomplished by pulverising or atomising 
the oil into minute particles so that it can become intimately 
mingled with air from which it derives the neces.sary oxygen. 
This end is achieved by some form of atomiser, sprayef, or burner, 
as it is variously termed, that enables a jet of steam or air to 
induce a suitable subdivision before ignition. The most popular 
burner for oil-fieldwork is that operated by steam, as, being simple 
in construction and free from complications, its use can be recom¬ 
mended anywhere. 

For various burners are made claims usually extravagant and 
more or less imaginary, unless designed to suit some particularly 
viscous oil or to overcome some other local difficulty. Perfect com¬ 
bustion ensues in all scientifically designed burners and little more 
can be achieved beyond general simplicit}- and reliability. If 
pressures below 6o lbs, are used for atomisation some special kind 
of burner is nece.ssary. 

Although the kinetic energy of a .steam jet cxerci.ses a powerful 
disintegrating effect on oil and induces a fierce inrush cjf air, the steam 
itself is a non-supporter of combustion, and where early ignition and 
high temperatures are desired, an air burner is to be preferred. 
Those constructed for low pressure air, .say 3 lbs. per square 
inch, need much more careful designing than those intended for 
pressures of 50-60 lbs. Atomisation is much less perfect with 
air, but oxidation is rapid and the heat intense. 

Admiralty and mercantile marine requirements have led to 
the introduction of a type of pressure burners to avoid the loss 
of water sustained in steam burners and the need of large auxiliary 
plant if air is employed. Pressure.atomisation is accomplished by 
forcing well-strained, filtered, and heated oils through fine annular 
or circular orifices of such design that the ejected oil is broken up 
into a veritable mi.st, thus producing a highly combustible vapour¬ 
like body that readily burns in the presence of forced draught. 
These burners entail more attention than other varieties and are 
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consequently little used in oil-fields, as the slightest extraneous 
matter will choke the fine orifices that are an integral part of 
such burners. 

Steam burners may be considered to consume from J-i lb. 
of steam per lb. of oil burnt, and u.sually in practice the con¬ 
sumption lies between 5 and 10 per cent, of the water evaporated, 
but may rise to as much as 12-14 per cent, in ill-designed plants. 
Air burners require from 2-4 lbs. of air (26-52 cub. ft.) per lb. 
of oil burnt according to the make of burner and the pressure 
emplo)'ed. High pressure air burners, say 60 lbs. per square 
inch, take about 1.5 lbs. of steam for compressing the air per lb. 




Fijr. 130. - .tirangement of linckwork in Furnace of I’ortable ISoiler 
for Burning Liquid Fuel. 

of oil burnt; low pressure burners are estimated to consume 
only 0.5 lb. of steam per lb. of oil. Pressure burners take power 
for compressing the oil and driving the fan for forced draught, 
also heat for heating the oil.^ 

Liquid fuel furnaces must be lined with fire-brick when the 
flame is likely to impinge direct upon metal. I’ortable multi¬ 
tubular boilers have their fire-boxes lined and often an arch placed 
beneath and in front of the tube plate, thus providing an 
incandescent chamber that re-ignites extinguished oil, and ensures 
complete combustion before the heated gases enter the tubes. 
The burner is usually placed in the ash-pan, or in an orifice just 

* For particulars of liquid fuel burners, etc., see Booth’s “Liquid Fuel 
and its Combustion.” 
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above, where air admission can be adjusted by a grating. A much 
better system was initiated by Thompson and Hunter who placed 
the burner at the back of the fire-box, allowing the flame to impinge 
on the front plate, when it was deflected back. There is then no 
danger of overheating the tube plate. The only objection to this 
arrangement is the inconvenient position of the burner for 
regulation (see Fig. 130). 

Lancashire or Cornish boilers have a furnace front fitting that 



■Steam burners. 

allows the burner to throw a horizontal jet in the centre of the 
flue. Air regulation facilities are provided, and the burners 
are hinged to swing them aside when access to the flues is 
required. Sometimes the first few feet of the flue are lined with 
fire-brick, and some engineers pre/er a jjcrforated fire-brick baffle 
against which the flame may impinge before passage along 
the flue. 

F'or the satisfactory combustion of oil large furnace space is 
necessary, at least Vii cub. ft. per lb. of oil burnt per hour.-. 
Air admission should be regulated on furnace fronts, and at least 
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6 sq. in. of air opening .should be allowed per gallon of oil burnt 
per hour. An inspection hole should be provided to watch the 
flame whilst effecting adjustment to secure a bright clear flame. 

Fuel tanks are generally raised to give a gravity fall to the 
burners, and they are usually provided with a steam coil to 
accelerate deposition of water and dirt, and secure fluidity in cold 
weather when crude is used on the field. In all cases a draw-off 
pipe for deposited water and mud is fitted to the fuel tank. 

Theory of Oil Combustion. —Crude oil, for the purpose of 
considering its thermal value, may be assumed to have the approxi¬ 
mate composition of 86 per cent, of carbon and 14 per cent, of 
hydrogen by weight. Certain combined impurities such as sulphur, 
nitrogen, and oxygen occur in some oils, but their percentage is 
usually low. Complete combustion causes the dissociation of the 
liquid hydrocarbons with final formation of stable oxidation 
products in the form of carbon dio.xide and water, the latter 
appearing as steam in the products of combustion. Imperfect 
oxidation yields carbon monoxide, as in coal, also much free finely- 
divided carbon particles that produce an exceedingly dense smoke. 

The chemical reactions are :— 

C-I-2(2N..+ 0)-C0., + 4N,,. 

H.. + (2N', + 0) ^ IriO hiN... 

I lb, carbon requires 2.66 lbs. of o.\y^;en or 11.4 lbs. of ,air to form 3.66 lbs. of CO.j. 
lib. hydrogen „ 8.1x1 „ „ 34.4 „ „ 9.00 „ ILO. 

An oil containing 86 per cent, of C and i.,. per cent, of 11 would 
therefore give— 

.8f) X 2.66 = 2.29 ihs. of O producing 3,15 lbs. of CO... 

.14x8 1,12 lbs. of O „ 1.26 lbs. of H.jO. 

i.co 11 ). 3.41 lbs. of O ,, 4.41 lbs. of g.ases. 

As air contains 23.15 per cent, by weight of oxygen, the 
amount of air needed to chemically combine and complete the 
combustion of i lb. of petroleum is— 

= 14.75 lbs., or 14.75 X 13.4 = 194 cub. ft. 

• 23 'S 

at normal temperature and pre.ssure. 

With a 50 per cent, excess of air and a steam burner using 
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I lb. of steam per lb. of oil, the following quantities of gaseous 


products would be formed ;— 

COa 3.15 lbs. 

J 1.26 lbs. for rombustinn of oil) 

^ 11.00 lb. used by burner ) ' ” 

N (14.75 lbs. ,'iir, less 3,41 lbs. of O used in ronibiistion) - 11.34 » 
Air (50 per cent, evress) . - . . . 7.33 

Total due g.Ubes . , . . - 24.13 lbs. 

There i.s in the above mixture— 

i X too—12.b Iter rent, of CO... 

:! 4 -i 3 

——X 100^ g.36 ,, ,, HiO. 

24 - 1.3 


The complete oxidation of 1 lb. of C to CO., results in evolution of 14,650 H.T.U. 
„ „ „ Hl(i]1..0 ,, „ „ 62,100 „ 

Therefore— 

o.86x 14,650.-12,600 H.T.fl. arc liberated by conibustion of carbon. 
0.14x62,100= 8,694 n .• n •, hydrogen. 

21,294 11 II 1' ,1 1 of petroleum. 


The calorific value of i lb. of crude petroleum of the above com¬ 
position i.s, therefore, 21,294 B.T.U., and the evaporative power 

-*i- 94_,2 lbs. of water from and at 212' K. 

966 

In practice the water passes through the flues as steam, .so that 
the heating value of the oil must be reduced by the latent heat of 
steam, that is— 

.14x9 lbs. X 966= 1,217 li.T.U., or 5.7 per cent., reducing heat value to 
20,077 li.T.U. per lb. 


Again, products of combu.stion and excess of air carry away 
to the atmosphere, in practice, the following amount of heat 
for each T F. of temperature, neglecting slight corrections for 
temperature:— 

' Specific 
Heat. 


Carbon dioxiilc 
Steam 
Niiro^^en 
Air - 


3.15 lbs. X. 216- .68g B.T.U. per C F. 
2.26 lbs. X .479 —1.083 n 

1T.34 lbs. x.244==3-7b5 „ „ 

7.38 lbs. X .238= 1.765 „ „ 


Total rarried away in gases * 6.293 
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If flue gases have an escaping temperature of 600° F., the 
heat carried away and lost with air temperature of 60° F. is 
(600" - 60°) X 6,293 = 3,400 B.T.U. per lb. of fuel burnt, approxi¬ 
mately 17 per cent, of the heat value of an oil of 20,000 B.T.U. 
In one ca.se the author recorded a flue temperature at base of 

chimney of 815“ F. when the lo.ss was 7 

20,000 

per cent., about 10 per cent, higher than was necessary with 
economical running. 

Petroleum fuel of 20,000 B.T.U. calorific value, devoid of 
all impurities, should give in a Lancashire boiler with a flue 
temperature of 450" F. an evaporation of about 16.25 '^s. of 
water from and at 212’’ F., equivalent to a conversion of 78.5 
per cent, of the heat value of the fuel. 

Flame temperature of the combustion of carbon and hydrogen 
is as under:— 

j 111 '.II. ! liiOiyeeii. I 

i C 10 COj ' 4,9^8" F. 18,440' F. j 


Water contamination has a very serious influence on the calorific 
value of oil. Orde' and Vivian Lewis have written on this subject. 
F'ive per cent, of water reduces the calorific value by about the 
eciuivalcnt of an evaporation of i lb. of water, or between 6 and 7 
per cent. A simple way of estimating the calorific value in 
B.'I'.U.’s of an oil from an analysis is 

B.T.U.’s= 14,500 C-l-62,100 

Feed- Water Healers .—Where batteries of boilers are erected, 
it is now customary to introduce feed-water heaters (economisers), 
superheaters, and other devices to save fuel, especially where salt 
water is in use with its accompanying serious waste of fuel. When 
fresh water is fed to boilers, the feed-water heaters can be placed 
in the flues, but when the feed is salt water, or other very hard and 
untreated water, e.vhaust steam only should be used, or a deposit 
of lime or other salts will form and choke the feed heater. By 

' I’.iper on “ Liquid Fuels,” Mcili. Kne;., July 1902, by Mr Orde. 



520 Oil-Field Development 

heating feed water from 6o°-i8o°, a saving of over lo per cent, 
in fuel can be obtained, besides reducing the strain imposed on a 
boiler by feeding with cold water. When no special feed-water 
heaters are available, it is a common plan to allow the feed water 
to fall i]i a .spray through a ves.sel into which the exhaust steam 
pipe from the surface is led, the steam being thereby partially 
condensed, and the water raised in temperature. In such cases 
means .should be taken to remove all grease or oil from the water. 

Feed-water heaters need no description, as they are now made 
by nearly all firms interested in steam plants. 

Superhentns .—Superheaters have been greatly simplified of 
late, and can now be purchased in units which permit of addition 
or abstraction of sections as occasion warrants. The steam from 
the boiler is led through a scries of tubes exposed to the flue 
ga.ses before it enters the main steam i)ipe, the temperature 
thereby being raised some 400-500 I'', above that due to tlie 
steam pressure. The .saving resulting from the introduction of 
superheaters where there arc long mains is C(jnsiderable, as practi¬ 
cally dr\’ steam can be conve\'cd long distances. The superheat is 
rapidly lost unless the steam mains arc well lagged with insulating 
material, which latter must not be of a combustible nature. 

Condensers .—The greater attention to fuel cconom\' has led 
operators in main' districts, where salt water is used for the 
generation of steam, to take measures to recover their exhaust 
steam for partially rejilacing the inferior salt water. Where there 
is a large suppl)- of4bad quality water, this plan can often be 
introduced with con.siderable success. Salt water causes losses 
in a variety of ways. There is often a 30 per cent, blow-off to 
keep the salinity down to workable limits of safety, periodical 
stoppages for cleaning, and great evaporation losses through the 
formation of scale on the furnace tubes and boiler shell. The total 
lo.ss of fuel as a result of using water of ocean salinity cannot be 
less than 20 per cent, under good, working conditions, and pro- 
.ducers are now taking measures for the condensation and use 
of exhaust steam. 

The subject has been simplified by the manufacture of compact, 
light condensers of great efficiency and suitability for oil-field work 
by the Liverpool Engineering and Condenser Comiiany under 
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Quiggin’s patent. An ine,xpensive Quiggin’s condenser, suitable 
for condensing I 0,000 lbs, of steam per hour, only weighs 30 cwt., 
and will condense 40 lbs. of steam per square foot of cooling surface 
at atmospheric pressure with a consumption of onl)' 15 lbs. of cool¬ 
ing water per lb. of steam. R)' coupling up an c.xhaust main to a 
number of steam engines, pumps, or other steam-using contrivances, 
the whole maj' be condensed and returned as feed to the boilers 
after treatment fur the e.'ctraction of grease, 

Inexpensive grease extractors of standard design can be pur¬ 
chased in the marhet, but efficient substitutes can be made by 
passing the steam through vessels containing .steel turnings on 
traj’S. The oil clings to the metal and eventually collects at the 
base of the ap|.)aratus, from whence it can be withdrawn. 



Fig. 132.—.tern-Conclcnser, 


W'hcrc water of an)- kind is ver)' scarce, aero-condensers are 
sometimes used. In 189S a special portable tj'pe was designed 
for a district where there was little water available, and the climate 
was tropical. The steam was led into a radiator of special form, 
and air was impelled past the radiator b\' a fan running in ball¬ 
bearings fitted to the framework. The condenser weighed com¬ 
plete 16S lbs., and condensed 480 lbs. of steam per hour, with an 
expenditure of 1.5 H.P. on the fan. The results of a trial were 
as follows :— 


Revolutions of fan per minute - 

- 880 

I'ower for drivinj- 

- 1,5 H.r. 

'I'eniperature of air at inlet 

- 96,8’ F. 

’I'emperature of air at outlet 

- 159.8° F. 

Temperature of condensed water 

, - 200° F. 

Water condensed per hour 

- 480 lbs. 
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It was later found possible to dispense with the fan entirely 
and utilise the prevailing wind without great loss of efficiency. 

Evaporative condensers are often erected in places where there 
is only a limited supply of fresh water. Exhaust steam is led 
through a series of tubes—usually built up in units—on the outside 
of which a steady stream of water is allowed to trickle. The rapid 
evaporation of the water coming into contact with the hot tubes 
causes condensation of the steam. By using evaporative condensers 
100 lbs. of steam can be condensed with a loss of two-thirds of 
100 = 66 lbs. of water. If impure or salt water is used for evapora¬ 
tive condensers, a deposit accumulates on the tubing, impairing the 
efficiency, and making it neces.sary to take measures to .secure its 
removal. 

All surface condensers require a considerable quantity of circu¬ 
lation water, and if there is a scarcity, or it has to he pumped some 
distance or height from its source to the condensers, it is good" 
practice to erect cooling towers. Cooling towers can be cheaply 
constructed of timber, the hot water leaving the condensers being 
pumped to a chute from which it trickles down over a number of 
baffles through which air circulates. The evaporation of a small 
proportion of the water causes the rapid cooling of the remainder 
to the temperature of the air, so that it can be used over and over 
again, the loss alone being made good by added water. If the loss 
during the operation from all sources is lo per cent., only lo per 
cent, of the quantity of circulating water is needed after the first 
supply has been pump6d up. In tropica! climates the lo.ss through 
evaporation may exceed lo per cent., but in temperate climates the 
loss will rarely exceed that amount. 

Evaporators .—The preparation of distilled water from impure 
water was at one time an expensive operation, as i gal. of pure water 
only could be obtained from the direct evaporation of i gal. of impure 
water, the latent heat of the .steam being imparted entirely to the 
circulating water of the conden.ser a‘nd wasted. Modern distilling 
[slants are multiple in effect; that is, the latent heat of the steam is 
utilised in evaporating other water at a reduced pressure, and the 
new steam generated is again employed for evaporating still more 
water at a further diminished pressure. 

The,fe are many such evaporators in the market now, from 
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which, by multiplying the effect, the following results can be 
obtained from the evaporation of each gallon of water :— 


Single effect - - l.8 gals, of water per gallon of water dircrtly evaporated. 

Double effect - 2.4 „ „ „ „ 

Treble effect ■ 2.9 „ „ „ „ 

Quadruple effect - 3.3 „ „ „ „ 


From the above it will be seen that with an evaporation of 
14 lbs. of water per lb. of oil fuel, l lb. of oil will produce 46 gals, 
of water in a quadruple effect plant. 

The last evaporator unit.s are worked under a high vacuum to 
reduce the temperature of evaporation, and the dense impure water 
which pas.scs in succession through each unit is drawn off the last 
evaporator by a brine pump. The feed-water pump and air pump 
exhaust into the conden.ser, and the evaporators are made in such 
a way that the deposited salts can he easil\' dislodged from the 
tubes and cleaned out at intervals. 

A triple effect evaporator plant producing 350 tons of fresh 
water daily from sea water on an oil-field was run at the cost 
below :— 


Running and maintenance 
Repairs and l eneu.'iN 
Depreciation - . . . 

Administration, etc. 

Duel (gas at to cents per 1,000 cub. ft' - 


So. 113 per ton 
0.056 ,, 

0.050 „ 

0.057 „ 

0.005 .. 


Total cost ... - S0.281 „ =-is. 2d. 

Steam Mains .—The following hints oft the construction of 
steam lines may prove helpful to those unacquainted with oil-field 
conditions. All pipes should be kept above ground for observation, 
but if laid beneath the ground level they must be well insulated 
and surrounded by cinders or other porous material to allow water 
to drain away. To avoid impeding movements of persons and 
goods on the property steam mains are usually carried overhead 
on standards at sufficient height for objects to pass beneath. These 
standards are frequently constructed from discarded casing or 
eroded piping, to which the steam pipes are attached by clips, or 
on which they rest in suitable crown brackets. Wooden standards 
should be avoided owing to the damage they sustain in a fire, and 
the danger from rot, especially in the tropics. 
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Steam pipes should be well insulated by some heat non¬ 
conducting medium. In this connection it is well to recall the 
fact that all insulating materials owe their efficacy to air, which 
is a very bad conductor of heat, retained in innumerable interstices 
throughout their mas.s. Clay, earth, and such materials have poor 
insulating properties, although often used on oil-fields in a laudable 
but mistaken effort to economise. It usually pays to purcha.se 
some of the recognised goods in the market, such as hair felt, 
asbestos, or cellular asbe.stos. The.se substances are too expensive 
to neglect, and it is customary to protect them, after attachment, 
with some more substanti.al covering, such as sheet iron or 
canvas. 

Means must be provided to allow for expansion .and contraction, 
otherwise leaky joints will be a constant .source of annoyance. 
Large U’s or hoop loops are usually preferred to those with a 
p.acked gland owing to simplicity; and at the same time such 
fittings are used for the draimage and removal of conden.sed water. 
Without such provision for extraction of water, steam traps .are 
necessary at intervals in long circuits. 

The author has for some years largely employed short lengths 
of flexible metallic ho.se for coupling U|) machinery to pipe lines. 
The mass of fittings that are used by unskilled labour when con¬ 
necting up a main to some plant is often amazing ; and besides 
the expense, time of erection, and increased num.ber of joints to 
leak, there is the serious resistance they impo.se t(j the flow of 
steam. No oil properly should be without these lengths of as.sorted 
flexible piping, as besides saving hours of toil and considerable 
expense, they constitute effective exp.ansion joints and shock 
absorbers. No m.atter how much vibration there is on the engine, 
little is transmitted to the mains, such as one .so frequently sees 
where engines are run too quickly on rough foundations. Lengths 
of from 3-8 ft. are usually sufficient for mo.st purposes. The 
smaller sizes up to 2 in. may, with advantage, be supplied with 
union connectors, but larger sizes should have flanged connections. 
Copper or gun-metal should be used to avoid the corrosion that in 
time de.stroys steel tubing even when galvanised. 

Steam Engines. —Steam is still the main source of power on 
oil-fieys, and the ste.am engines in u.se for various purposes, 
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mostly of a temporary nature, are of the non-condensing type, free 
from all refinements that would imperil their safety in the hands 
of unskilled oil-field attendants to whom machinery is largely 
entrusted. In those fields where other and more convenient, or 
more economical, sources of energy have been introduced, operators 
have often hesitated to scrap the large quantities of plant in hand 
for whieh no ready market is found. 

Drillers almost exclusively prefer a steam engine owing to its 
wide latitude in power, flexibility in speed, and the way in which 
it withstands the roughest usage, that ncr amount of supervision will 
prevent. Governors are never entertained, and promptly put out 
of aetion if fitted to drilling engines, thus enabling the engine to be 
run at a speed that would alarm as well as surpri.sc the manufae- 
turers themselves. Cable drilling is mainly performed by single- 
eylindcr, horizontal, reversing engines varying from in. X !2 in. to 
12 in. X 14 in., weighing from 1-2 tons. The smaller engines are 
for shallow drilling, the large for deep wells of 2,500-3,500 ft, 
and often of eonsiderable initial diameters. The main features 
distinguishing a drilling engine are (a) the attachment of an 
equilibrium valve at the steam admission, or a valve with rope 
pulley that can be actuated from a distance; (/^J levers enabling 
the reversing gear to be operated from the rig by a rope or rod ; 
(c) great strength and absence of finish; {//) detachable fly-wheel 
rims. Sometimes a feed pum[) and exhaust steam feed-water 
heater arc attached to the engine. 

Sensitivity is the chief object to be at!ained in cable drilling, 
and it is the ready response of the steam engine to the influence 
of variable resistances that appeals to drillers. During the 
descending stroke of cable tools the engine races and permits a 
harder blow being delivered, and on the ascending stroke the 
engine slows up, thus diminishing the strain on the cable and rig. 
Flexibility is assisted by the u.se of a fly-wheel with detachable 
rims that can be added to or be removed to suit the depth of well, 
weight of tools, and speed of running. 

Large diameter wells, sunk in some of the Roumanian and 
Russian oil-fields, call for engines of much greater power, and double 
cylinder 12 in. xi6 in. stroke are frequent, especially where low 
pressure steam (60 lbs.) is used, and long transmission lines often 
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further reduce the available pressure. Working boiler pressures 
of from 60-150 Ib.s. per .square inch are usual on oil-fields. 

Non-compounded, non-condensing, low pressure steam engines 
are very uneconomical in practice. A consumption of from 40-50 
lbs. of steam per B.H.P.-bour is usual, and this quantity may be 
far exceeded where condcn.sation is great in long badly-in.sulated 
mains. The thermal efficiency of a high class steam engine, with 
all modern refinements, may be as high as 18 per cent. Thus the 
potential energy in l lb. of steam at 160 lbs. pressure from water at 
62° F. will generate 0.45 H.P.-hours. A consumption of 12 lbs. of 
steam per B.H.P.-hour, representing about the best results attained 
in practice, is equivalent to -,f. B.II.P. per lb. of steam, therefore 

the thermal efficiency is and ' ’ of 100= ;8 irer cent. 

■45 -45 * 

In oil-field practice, where 50 lbs. of steam arc used per B.H.P.- 

•-* 02 

hour, the thermal efficiency would be and ' “ of ick') = 4.2 iier 

45 45 ' 

cent. only. The mechanical efficiency, i.c., the mtio of Brake to 
Indicated H.P., will vary between 70 and 94 per cent, according 
to the class and size of engine. 

Internal Combustion Engines. —The use of internal combus¬ 
tion engines for nil-field duties is continually extending, and there 
remain few duties to which they cannot be economically or 
efficiently adapted. Reversing facilities yet only partially over¬ 
come have been an obstacle to their employment for certain forms 
of drilling, and operations demanding reverse movements, and 
the difficulty of varying speeds and overloading, have somewhat 
restricted their adoption. Clutches and gear boxes have been 
designed to effect the above requirements, and there is little doubt 
that suitably arranged devices will be forthcoming for dealing with 
the problem, as in the ca.sc of automobiles. 

Several other factors have acted as a deterrent to the general 
use of larger engines, but especially the need for substantial 
foundations to resist the shock in.separable from such engines. 
The heavy fly-wheels are likewise a cause of expense and trouble 
in conveyance over difficult country, and the somewhat more 
complicated working parts are a constant source of anxiety to , 
operators without* engineering knowledge. Repairs, too, are less 
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easily effected than in steam engines in outlying districts and 
foreign countries where few or no workshops exist. 

For works of a permanent nature the above objections apply 
less forcibly, and the co.st of foundations, building for housing, and 
provision for repairs is justified by the great fuel saving eventually 
effected. 

One objection to the general adoption of internal combu-stion 
engines for oil-field operations is the decentralisation of plant 
involved, ’centralisation being one of the aims of all engineers. 
Waste of energy cannot be avoided in groups of isolated units, 
where each motor must be designed to supply the maximum power 
demand and this latter may only be called upon for a few hours 
daily. Efforts have been made to minimise this objection by using 
one single large unit for several duties, as a multiplicity of founda¬ 
tions, housings, and attendants is always a .source of expense. 
These objections have also been partially overcome in some ca.ses 
by the installation of power stations where energy in the form 
of electricity, comprcs.sed air, cr wire line transmission could be 
arranged. The great saving in fuel neutralises many objections, 
and even allows units of large power to replace steam, which has 
long held the day. The table below gives the comparative figures 
of steam and internal combustion engines of about 30 H.P. 


Power. 

Fucl(per ll.H. P. 
Hour). 

'I'hcrmal Efficiency. 

Aiiprnximate 
Cost per H.P. 




L 

% 

Steam engine and boiler 

- i 4 lbs. 

3.5 ‘j>er cent. 

8-10 

42.5 

Clas engine (natural gasj 

- ! 15 cub. ft. 

16.0 

7*10 

,87.5 

Oil engine (i rude) 

- 1 0,75 lb. 

1 

18.0 „ 

10-5 

51.2 


Oil Engines .—The use of oil engines for oil-field operations is 
steadily advancing, and where difficulties practically preclude the 
pos.sibility of employing steam, they can be used with some 
forms of drill, and have many times been put to practical use in 
drilling wells. For steady work, such as pumping or bailing wells, 
generating electric light, pumping water or oil about the field, and 
driving other subsidiary plant, oil engines can be employed with 
considerable economy over steam. 

The purchase and installation of an oil Engine entails a 



528 Oil-Field Development 

somewhat higher cost than that of a steam installation, but, on 
the other hand, there is a much less margin of reserve power in 
the former than the latter. For powor.s e.vcecding 50 H.l’., oil 
engines become bulky, and some difficulty is often e.xperienced 
in starting them ; indeed, it is always advisable to have a small 
oil engine, or .some other power, for putting them in motion. 

For oil-field duties the crude oil engine is favoured, and the 
common necessity for heating up the vaporiser to a high tempera¬ 
ture—as is usual in this type of engine—by a lamp, which would 
be accompanied by too much danger in some situations, is over¬ 
come by starting the engine cold on benzine, and continuing until 
the vaporiser reaches the requisite temperature to run on crude. 
Crude oil taken direct from the well should be allowed to stand a 
while for the separation of water and sand before it is led to the 
engine. The high compression engines now being made can be 
started cold, and have all heated parts totally jacketed. They 
are also de.signed to run on gas by the attachment of certain 
fixtures that can be quickly connected. 

Where the local waters are excessively charged with lime 
salts or common salt, condensed water should be used, and the 
loss by evaporation periodically made up. The author’s attention 
has several times been directed to accidents which have originated 
through the cooling chambers and circulation pipe becoming furred 
up with salts of sodium and lime, with consequent overheating of 
the cylinders. In tropica! climates the capacity of the circulation 
water tanks should beconsiderably increased, and special provision 
should be made for automatically recording the level of water, the 
fall of which would cause the circulation to cease. 

A crude oil engine consumes from J-i lb, of oil [ler horse power 
per hour compared with 3-6 lbs. for a steam engine under usual 
oil-field conditions, but more skilled attention is required, and the 
expenditure on repairs is higher in the case of all internal combus¬ 
tion cngine.s. 

The Diesel oil engine is even more economical, and will 
consume practically any kind of liquid combustible, but for oil¬ 
field conditions it is .somewhat expensive, and requires more 
attention than the ordinary low pre.ssure variety. For permanent' 
installations in well-sheltered building.s, under the immediate 
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supervision of a qualified attendant, the Diesel engine is 
particularly applicable and exceptionally economical in fuel. 

The theoretical energy of i lb. of oil of i8,cxxi B.T.U.’s would 
generate about 7 H.P.-hours, consequently an oil engine con¬ 
suming 0.75 lb. of oil per H.l’.-hour, or, in other words, in which 
I lb. of oil generates 1.33 Il.P., would have a thermal efficiency of 

X 100 = 19 per cent. The mechanical efficiency of oil engines 

may vary between 75 and 85 per cent., according to size, design, 
etc. With a consumption of only 0.5 lb. of oil per B.Il.P.-hour, 
the thermal efficiency of oil engines rises to 28 per cent., but this 
latter is only possible in higli compression engines working under 
favourable conditions. 

Gas Engines .—In the American oil-fields, gas engines have 
always been largely emploj-ed for power purposes other than for 
drilling, in consequence of the majority of wells in that country 
being pumped, thus permitting the simple provision of leading 
away the gas from the well b)' a side outlet pipe without any inter¬ 
mediary plant. In many of the eastern oil-fields of the United 
States, wells are specially sunk for gas which escapes under high 
pressure, and is either led direct or pumped to centres of com¬ 
mercial activity. Natural gas has a calorific value approaching 
i,cxDO B.T.U. per cubic foot, compared with 500 700 B.T.U. for 
artificial coal gas, but in practice the consumption per horse power 
is about the same as coal gas, 9-15 cub. ft. per horse power per 
hour according to the size of engines, etc. As natural gas usually 
contains moisture in suspension, and the pressure when the gas is 
led direct from the well often fluctuates, it is advisable to introduce 
a small gasometer for the ecjualisation of pressure and the separa¬ 
tion of water when gas engines arc fed tlirect from oil or gas 
wells. 

Gas engines are often operated by allowing the engine to 
draw its supply of gas direct, from the well, the suction pipe 
being led into the well sufficiently below the surface to avoid 
the introduction of air during fluctuations of gas supply. If 
the engines are far removed from the wells from which they 
obtain their supplies, and there is either insufficient pressure 
to overcome the friction of pipes, or the well.s are open to the 
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atmosphere, as in the case of bailing or drilling wells, the gas 
may be extracted and forced to a distance by a small compressor, 
or, in the case of large volumes, by a fan or blower. 

Most gas engines can be adjusted to utilise natural gas, 
although its variable composition and the fluctuating proportion 
of moisture introduce factors of uncertainty which sometimes 
cause erratic working for a time. Where the engines exceed 
30 II.I’, supplementary power should lie provided for starting, 
as there is often' far more trouble in starting than with an engine 
u.sing gas of constant qualit)-. 

Simplicity in oil-fields takes precedence of economy in gas 
consumption, which latter is usually unworthy of consideration 
when thousands of cubic feet daily go to t('a.ste from nearly 
every well. The Bessemer gas engine illustr.ates a type 
especially commendable, the wliole working being effected by 
the operation of a single valve. Speed can be adjusted by 
regulation of gas and air supply ; the engine will run equally 
well in either direction, and almost any grade of gas can be 
used. By an ingenious design of pi.ston the inflowing cajinbustible 
mixture of gas and air is used to scour the cylinder of the 
products of the preceding combustion, ports in the cylinder wall 
being closed at the right moment to enc'ose the new charge 
for compression prior to ignition. Air and gas are drawn through 
small )rifices in the same inlet valve, thereby causing intimate 
admixture, into the crank end of the cylinder during the back 
travel of the piston Yollowing an exjilosion on the return forward 
stroke. The enclosed mixture is compressed, and at a certain 
point ports open admitting this mixture to the front of the 
piston, thus driving out the contained products and itself being 
further compressed and ignited at the end of the stroke on the 
closing of the exhau.st port. The piston thereb)’ gets a pro¬ 
pulsion at every revolution and needs no adjustment but the 
gas and air admission that is operated by the governor. 

In new oil-fields, where high gas pre.ssures are met with 
in the wells, gas is sometimes led direct to steam engines, and 
the engines run on gas instead of steam. The cooling effect 
of the expanding gas causes the condensation and freezing of 
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moisture on the engine until often the machine becomes coated 
with a thick deposit of ice. 

Much ingenuity has been expended in the construction of a 
convertible steam engine, whereby at any moment the .steam 
cylinder can be replaced by a gas cylinder, thereby creating a gas 
engine. Such engines have proved satisfactory in ]5ractice, although 
they naturally lack some of the qualities that attach to an engine 
designed for the single purpose. 

Electric Lighting. —The u.sc of electricity for illuminating 
purposes on oil-fields is almost universal, even small prospectors 
in new fields deeming it wise to install a diminutive plant of i or 2 
kw. capacity if night work is undertaken. This attitude arises from 
the grave risk of fire attendant upon the use of naked lights, and 
the uselessness of the glimmer afforded by miners’ lamps. 

Both petrol engines and steam turbine-driven dynamos are 
used for the.se installations, the latter being perhaps the more 
convenient and cheap to install where steam power is employed 
for operating the rig. The voltage adopted for lighting purposes is 
usually no. 'I'he lamps .should always ne mounted in heavy water 
and gas tight fittings in which the glass globes are protected from 
injury by stout wire screens. Metallic filament lamps of the 
traction type can safely be installed if care is taken to .select 
positions where vibration is not too pronounced. 

The wiring in rigs may be run on cleat insulators if the 
boring is not likely to be very prolonged, and the well is being 
drilled in ground not productive of spofiting wells, otherwise 
all wires should always be carried in screwed metal tubing with 
which the lamp fittings should be solidly connected. The wire 
should be of first-rate quality of not lower than 600 meg. grade, 
the insulation being of vulcani.sed india-rubber, taped, braided, 
and waterproofed. The entire circuit of each rig should be con¬ 
trolled by a double pole switch, and fuses should be placed outside 
the rig at the end furthest frdm the well, by which means current 
can be instantly cut off from all the lamps should violent spouting 
of the well or other reason make this imperative. 

The flexible connectors of portable hand lamps used in the 
derrick should be of the heaviest pattern obtainable, thickly 
padded, waterproofed, and protected outside by strong braiding; 
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the plugs for such lamps should always be lightly fused in view 
of the possibility of the wire being cut by casing, or some heavy 
tool being dropped upon it. 

Where electricity is used on lart fields for lighting only, the 
current will usually be generated in a central station in vidiich the 
motive power is furnished by gas or oil engines. JJistribut/on is 
best effected by means of hare wire overhead co?iductor.s carried 
on wooden or iron pole.s, fitted with cheap glas.s or jiorcelain 
petticoat in.sniators. To minimise waste in transmission of the 
current, the voltage of such installations .should prcferalily be as 
high as possible, .say i,00O volt.s, for alternating current, with a 
small transformer reducing it to tio volts at each well ; and 220 
volts in the ca.5e of direct current. The size of wires used should 
be chosen so that the current to be carried does not exceed 1,000 
amperes per square inch. The conductors of a bare wire over¬ 
head transmission should in no case be less than No. 7 S.W.G.' 
Although the transmission line may be cheaper in the ca.se of the 
high voltage alternating current, the advantage in this direction 
will be offset to a great extent by the cost of providing a small 
transformer and switchgear at each w’ell. A feature of such 
equipment shoukl be an oil switch in the primary leads to the 
transformer, so that current can be switched off it when not in use, 
thus saving the otherwise considerable .standb) lo.sses. 

Direct current lighting dynamos should he Itvcl compound 
wound, so that the voltage at the terminals is the same for all loads, 
and unless they are to‘bc installed in a carefully designed building 
with a perfectly sound roof, they sliould he cofistructed drip proof; 
the usual protected type of machine, with sheet iron talring the 
place of the gauze on the upper half of the commutator and back 
end screens, will fulfil this requirement without being expensive. 

Electric Power. —The old prejudice against electrical energy 
on oil-fields is rapidly disappearing iji view of the very great 
strides which have been made in'the application of electricity 
to power purposes. So much experience has been gained of ' 
late years in the application of electrical power to traction, rolling 
mill, lift, and other such purposes requiring widely and suddenly 
varying speeds and power that the necessary equipment of motor 
and cqptrolling ear suitable for nil-field purposes can be selected 
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from standard types. Much good work has been done in the 
electrical equipment of the American oil-fields and also in the 
Baku oil-fields of Russia and in Roumania. 

Early efforts to apply electrical power met with indifferent 
success largely on account of failure to appreciate the extent of 
the “peak” load.s in electrical transmission to oil-ficld.s, and to 
the initial difficulty of giving effect to variable speeds. Power 
is furnished to the oil-fields of Baku by two generating stations 
of a collective capacity of 16,500 H.F. A station at Whitetown 
supplies power to the Balakhany-Saboontchy-Romany-.Surakhany 
area, and another at Baieloff generates power for the Bibi-Kibat 
oil-field. Three-phase alternators are installed at Whitetown with 
a tension of 6,000 volts, part of which is transformed up to 20,000 
volts for transmission to the outskirts of the oil-field. For distribu¬ 
tion a voltage of 1,000 is employed, whilst at Bibi-Eibat the full 
generating pressure of 2,000 volts is supplietl direct to the motors. 

Roumanian oil-fields are fed by two generating stations, one at 
.Sinaia where Francis vvatcr-propclled turbines are utilised to drive 
three-phase alternators of 3,000 volts, transformed to 11,000 volts 
for transmission over a distance of 35 km., and another at Carnpina 
where steam is the source of power. 

Power Requirements — PriUinj ^.—The power used at a well 
varies very widely with the nature of the work to be performed. 
During the drilling of a well .several separate, distinct operations 
are involved, comprising the actual manipulation of the tools, 
bailing the detritus in the case of [lercussio.i drilling, or pumping 
the flu.sh water under the rotary and other flush .systems, manipulat¬ 
ing casing, and trial bailing. The first of the.se requires the least 
power, and will rarely call for more than 25-30 H.P., but the 
work of hoisting the tools, removing detritus, and manipulating 
casing is much heavier, and takes quite twice as much power, 
and the speed required is also much higher. These considera¬ 
tions make it necessary to inscall a motor with a large range of 
speed and power. In arranging a drilling rig for electric drive 
the usual type of transmission is required, but the fact must not 
be overlooked that the motor speed will be very much higher than 
that of the normal drilling engine, and the proportions of pulleys 
will therefore have to be arranged accordingly. The higher the 
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sjjeed the cheaper the first cost of the motor will be. The usual 
speeds adopted are from 900 up to i,2c» revs, per min. For the 
highest speeds belt or rope drive should always be adopted as back- 
geared motors are too noisy. A motor of liberal capacity should 
be provided, and never less than 50 B.ILP. at top or synchronous 
speed for normal wells of shallow or medium depth, and 75 B.H.l’. 
for wells of about 3,000 ft. and upwards. The power at lowest 
speed should not be less than 25 B.H.P., and the motor and 
control gear should be ca|)able of sustaining 33 per cent, to 50 
per cent, overload at all speeds for half an hour. 

The bailing referred to above is trial bailing onK’, and would 
be carried <jut with comparatively small bailers at speeds not 
exceeding say 300 ft. per min. It must not be confused with 
heavy production bailing such as pertains in the Russian and 
Roumanian oil-fields where large liailers 50 ft. and more in length 
are operated at Soo-1,200 ft. per minute; such bailing requires 
motors of 200 II.F. and more. It is sometimes unnecessary 
to bail a well continuously through the twenty-four hours, and this 
fact is often taken advantage of by arranging a motor in .such a 
position that two wells can be operated by it alternately, thus 
effecting a substantial .saving in the cost of equipment. 

Pumping .—Wells may be pumped either individually or in 
groups, the method adopted de[)ending upon the proximity of wells 
and other factors, such as the distribution of well site.s and their 
accessibility. It is customary in many fields to pump wcll.s from 
the beam in the first«in.stancc, while the production is large and 
while it is necessary to keep the rig in situ for frciiuent cleaning, 
such wells being afterwards connected up to the central power 
when they have settled down to steady condition.s. 

In cases where pumping from the beam is of a temporary 
nature as indicated above, the drilling motor should be left 
in the rig to do the work, but where it is intended to pump 
the well from the beam permanently, a similar variable speed 
motor rated at 24 II.F. when running at highest speed and giving 
8 H.P. at the low pumping .speed can be installed in place of 
the drilling motor. .Such a macliine will be able to operate the 
pump at any desired speed, and also to furnish power for 
occasional cleaning operations, and for the necessary manipula- 
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tion of the pump rods and tubing. In the case of large producers, 
or wells operating at great depth, or where much fine sand is 
encountered, greater power will be required, and a motor rated 
at 45/15 H.P. should be installed. It is necessary to provide a 
motor sufficiently powerful to raise the pump rods and tubing 
and clean the well, but it is not good jiractice, as is .sometimes 
advocated, to install a machine capable of handling casing, even 
under overload conditions. A motor of this kind would be un¬ 
economical when doing its normal inimping work, and the first 
cost would be unduly high. A far belter policy is to reinstate a 
drilling motor in the event of redrilling or mani[nilation of heavy 
casing being decided ii|it)n. 

Groups of wells can be best ])innped from a central pumping 
power b)’ constant speed motors, although even for this work, if 
the power is furnished by direct current, the motor could with 
advantage ho arranged for speed \'ariation of 10-15 per cent. 
The power required will vary from about i-2| B.H.P. per well 
connected, the lower value being taken for large grou[).s of 20-25 
wells on one power, and the higher figure where there are only 
5-10 wells. Thus for a large pumping power operating 25 wells, 
a motor of 25 B.H P. capacity will suffice where the conditions 
are favourable. The above method of group pumping, by which a 
large number of wells can be linked up and balanced one against 
the other and arranged so as to perform their power stroke in 
sequence, leads to great economy both in capital outlay and running 
costs. Pumjjing powers shfjuld always be, fittcil with fast and 
loose pulleys or a clutch, so that the motor can be gradually 
speeded up under light load, thus enabling a motor and switchgear 
of very simple type to be utilised. 

Type of Plant .—Either direct or polyirhase current is suitable 
for oil-field work, but in view of the greater efficiency of direct 
current variable speed motors, the former is to be preferred. Large 
consumers can make arrangements for distribution on this system, 
either by installing a power generating plant of their own, or by 
providing converters to transform polyphase current bought from 
a public supply company, by whom power is usually distributed in 
three-phase form at high tension. Small operators, who seldom 
have in use a sufficient number of motors to make it worth while 
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either to install their own generating plant, or to convert the power 
purchased from suppliers, must use polyphase current motors. 

Although less economical in use under the very variable 
conditions pertaining to oil-field requirement.s, these have been 
found to be both practicable and satisfactory. Whether the power 
be in polypha.se or direct current form, the pre.ssure at the motor 
terminals should be from 500-1,000 volts, and the periodicity of 
polyphase current, where there is a possibility of choice, should be 
25 cycles per .second, this value being cho.sen as more satisfactory 
than a higher periodicity for power purposes, and yet high enough 
to enable the rig lighting to be taken from the same circuit as the 
power. 

Direct Current Working .—The economy of operation and the 
facility with which the speed of the direct current motor can be 
varied and the motor rcvcr.scd, coupled with its ability to exert 
great torque or pull at starting and on low speeds, render this 
form of motor well adapted to the work of drilling wells and 
subsequently operating them for production. For driving multiple 
pumping powers the ordinar}’ shunt wound motor is quite satis¬ 
factory provided that arrangements arc made for starting it up 
free of load. Drilling, bailing, well cleaning, and casing opera¬ 
tions require a motor capable of starting rapidly with a heavy 
load, and compound wound motors should alway.': be chosen for 
these purposes, owing to their ability to exert a powerful torque 
or pull at .starling, and rapidly accelerate up to full speed. 

Compound wound«motors meet the objections frequently urged 
against electric motors for percussion drilling. It has been claimed 
that the inertia of the heavy revolving mass of the rotor tends to 
keep it revolving at a uniform speed, which allows no give and 
take as the beam alternately jricks up the tools and drops them, 
thus causing racking of the rig and checking of the downward 
fall of the tools. This objection would undoubtedly be justified 
if ordinary shunt wound machine.'? were employed, but in the 
■compounded machine the desired conditions are attained, the 
speed dimini.shing as weight is applied when the load of tools is 
taken on the beam, and increasing as the load is thrown off 

Percussion and rotary drills call for means of regulating the 
speed of running, the former by adjusting the oscillations of 
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the beam, the latter by varying the rate of the revolutions of 
the rotary table in a definite period. To secure proper speed 
regulation the shunt regulator must be finely adjustable, and the 
resistance is best arranged in two portions, main and secondary^ 
the main resistance being in ten or twelve coarse steps, and the 
secondary in about an equal number of fine steps, the whole 
range of the secondary corresponding to one step of the main 
resistance into which it ma}' be cut where requisite. 

For successful working the motor control gear must be 
fool-proof. The main points to he considered in this connection 
arc (rr) the zero-volt and cnerload releases for opening the 
main switch should current fail or excessive overload occur; 
[h) the automatic insertion of the starting resistance and cutting 
out of the shunt resistance whenever the motor is stopped ; 
(c) the automatic gradual cutting out of the former as the motor 
speeds up, and also auto-control of the manipulation of the shunt 
rcsi.stance for speed changing. 

All the above requirements can he successfully met, and 
equipments cmhod\’ing them arc in everyday u.se. The object of 
such auto-control is to free attendants from the necessity of 
careful thinking before acting, and enabling them to start, and run, 
and change the speed of the motor with the same freedom with 
which the}' have been aecu.stomed to when using the .steam 
engine. The inot(jr control gear should he placed in the position 
usuall)-occupied by the ordinary steam control wheel, where it will 
be close to hand and convenient for the driller. All connections 
between the motor and control gear must be made with high 
quality india-rubber insulated cable enclosed in iron tubing, and 
should preferably be laid underground. Isnclosure of the whole 
of the control gear in a locked hermetically scaled iron case, 
will contribute much to the convenience, safety, and satisfactory 
working of the ])lant. The door of this ca.se should be so 
interlocked with isolating switches that current has to be cut 
off the switchgear before it is possible to gain access, or as a 
preferable alternative all resistances and contacts, switche.s, fuse.s, 
etc., may he of the oil-iminer.scd type, all switches being arranged 
on the controller principle. Every equipment should be provided 
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with a voltmeter and a recording wattmeter. The value of the 
latter cannot be over-estimated, as it present.s in the form of a 
chart a continuou.s record of the power u.scd at a well, thus 
providing a most useful clieck on tlic operators, the value of 
which is .specially accentuated in the ca.se of night work. 
Several typical charts showing the record of power taken by 
various oil-field operations are show n. 

The diagram (h'ig. 133J will .ser\’e to indicate the cs.sential 
features of the motor and controlling gear for diverse duties, 
the details of which are worked out in various ways b}’ different 
designers and makers. The operating handles should he arranged 
in a simple and convenient manner, and each handle slionkl be 
clearly labelled; the starting handle, “start and run” and 
“ stop ” ; the tipecd regulator handle, “ raise speed ” and “ lower 
.speed ” ; and the revcr.sing handle, “ forw.ird ” and " reverse,” 

Po/yphnsc Alternating Current Working .—It has been men¬ 
tioned in a previous paragraph that electrical operation by 
polyphase alternating current is in general less economical than 
direct current working under uil-field conditions, Init cases may 
occur where polyphase current i.s already available, and wells are 
so few or so w'idely spaced as to render its use, by means of 
polyphase motors, the more economical ai d Wvtrkable scheme. 

Where polyphase alternating working is adoiited the power 
should be delivered to the well or group of wells at e.xtra high 
pressure, i.c., as received from die power lines, and should there 
be reduced to the pressure, about 500 or 1,000 volts, required 
at the motor terminals, by means of static transformers. These 
transformers should be placed on an elevated platform, which 
may be constructed high up 011 the posts carrying the power 
lines, and from them the low pre.ssure wire should be brought 
to the derrick, either by mean.s of overhead bare wires, or in 
a three core underground cable, according as to whether the 
distance be long or short. Where one well only is under considera¬ 
tion, an underground cable will probably be used as the 6xtra 
high pressure line can be brought close up, but where arrange¬ 
ments are being made for a group of several wells, the transformers . 
should be placed* in a central position, the low pressure current 
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being distributed by overhead bare wires. Tliere is considerable 
advantage in grouping wells for this purpose, in that capital 
outlay and maintenance in transformcr.s can be reduced, as they 
need only be c)f sufficient caiiacity to handle the average power 
required b)’ the group, whereas in cases where a well has its own 
separate transformers, they must be of sufficient capacity to handle 
the maximum power demanded, and will generally be very much 
underloaded, and therefore running at low efficiency. 

The conditions in every case will need close consideration, 
but, generally speaking, where a compact group of wells can 
be arranged to be at work fairly constantly, a central transformer 
station with low pressure distribution will give the most economical 
results. It would be in aiu’ ca,sc very objectionable to bring the 
e.xtra high tension wires among closely sjjaced wells, and the 
transformer station should be located outside the cleiiso area, due 
care being taken in arranging the dislribuling wires to guard 
again.st their being dc.stro)ed or interfered with, or in their turn 
ob.structing the free working of the field. 

Isolated or very widely spaced wells sliould each have a separate 
set of transformers placed near the well, the extra high tension 
supply current being brought right up to these. In all cases the 
extra high tension supply should, for .safety’s sake, never be 
brought to ground level, all transformers as before mentioned being 
located upon elevated platforms which should be unapproachable 
by any except duly authorised person.s. On the [jlatforms all 
extra high tension gehr .should be totally enclosed, and arrange¬ 
ments made so that access to any part cannot be obtained till 
the current has been cut off from same and it is laid dead. 

The motors most suitable for drilling arc two-speed machines 
with wound rotors. Such machines have two main speeds, both 
of which are adjustable, thus giving the required flexibility of speed 
and power, the lower speed and consequent lower power being 
used during drilling, and the higher speed and power for casing, 
tool withdrawing, and bailing operations. The necessary devia¬ 
tions from the normal speed on either high or low speed are 
obtained by in.scrting in the rotor circuit resistances operated from 
the control pane], but the change from higher to lower speed 
connestions is made by means of a throw-over switch on the motor 
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case. As this larf;e change of speed is required only at consider¬ 
able intervals, when a change of operation in the rig takes place, 
this arrangement is found to be quite convenient. The rotoi 
resistance should be of similar design to the shunt resistance 
described under “ direct current working ” in order to obtain close 
speed adjustment. 

The diagram, Fig. 133, will serve to indicate the essential 
features of alternating current motor e()uipments fur various oil¬ 
field purposes. 

Cost of FJcctrical Power .—The cost of operating oil well 
macliinery electrically nalur.'illy varies largely under diverse con¬ 
ditions, and according to figures piibli.shcd in U'esiern Engineering, 
compares favourabl_\’ with the cost of .steam iiowcr where the price 
f)f current is reasonably low. The average cost of electric power 
per foot drilled for seven wells averaging 1,100 ft. deep is given as 
$.093 with power at $.015 per kw.-hour. In the power require¬ 
ments for pumping wells there is more variation, depending upon 
the vi.scosity and gravity of the oil, the quantity being pumped, 
the size of pumps, etc. In group pumping the number of wells 
operated and their pro.\-imiU- to one another has an important 
bearing on the power required. Ounting again from the article 
mentioned above, the power consumed in group jiumping shows 
a variation of from 18-40 kw.-hours per well per day, the lower 
figure being reached where 20-25 wells are operated from one 
power and the higher representing the consumption where there 
arc a few only, say 6 or 8 wells ; these figures corresjiond to a 
cost for power of 27 cents to 60 cents per well per day with power 
costing 1.5 cents per kw.-hour, and a cost per barrel of oil pumped 
of $.012 for an ai erage production of 22 barrels per da)' to $.04 for 
an average of 15 barrels per day per well. In cases where wells 
are pumped individually from the beam the figures given are in 
the region of $1.00 to $1.3/5 pur well per day, dependent upon the 
conditions. 

It has been e.stimatcd that the average current consumed by 
wells in the JIaku oil-fields of Ru.ssia was as follows :— 

Boring wells, 8.5 kw.-hours (11.4 ll.lk-hours) per hour, or 
6,000 kw.-hours per month. 
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Bailing wells, i6 kw.-hours (21.5 H.l’.-hours) per hour, 
or 11,500 kw.-hours per month. 

The charge for electric power i.s tlierc based on a .sliding scale 
fluctuating with the prevailing average price of crude oil. With 
oil at 20 copecks per pood (26s. 4d. per 100 = 85 cents per 
barrel) the cost of power in 1907 was 7 copecks (1.75 pcnce= 3.5 
cents) per kw.-hour, or about ii^85 ($.-100) jjcr hailing well, and 
;t48 ($230) per boring well per month, and for each rise of 
I copeck per pood in the price of oil, Ihe power rose .01 copeck 
per kw.-hour. In 1915 the price on large contracts for power 
was 6.25 copecks (1.56 pence=3.i cents) per kw.-hour, with 
oil at 40 copecks per pood (52s. 8d, per ton, $1.68 per barrel), a 
very great reduction on the old prices, and maintaining the 
average cost of power per well at about the same rate as those 
'enumerated above, wlien power was 7 copecks per kw'.-hour, 
with oil at 20 copecks per pood. This works out to 60 cents 
■per ton (8 cents per barrel) of oil extracted from an average well 
yielding 20 tons (150 barrels) daily. When drilling at a rate of 
180 ft. per month, the average cost of power is about 5.4 .shillings 
($1.29) per foot. Electrical power i.s supplied to tlie Kern River 
oil-field of California from a hydro-generating station in the 
mountains at 1.5-1.9 cents per kw.-hour. 

The Russian Government allowed a reb.ate of 4 kg. of oil 
per kw.-hour on royaltj' oil, when purchased electric power was 
employed on the pro|rcrty for power jnirpi.ises. 

Design and Cofistruction of Pipe Lines. —Petroleum is 
transported mainlj- bj- pipe lines, not merely within the confines 
of oil-fields but often to .seaboard nr shipping or railway centres 
hundreds of miles away from the source of its extraction. Long 
distance trunk lines often entail considerations that do not apply 
with equal force to the usual .service mains of oil-fields covering 
distances of a few hundred feet to say twenty miles, and it is these 
latter which will be considered in this section. 

Lapweldcd or solid drawn pipes of a thickness to resist 
pressures far in excess of those projected arc selected in lengths o^ 
from 20-30 ft. Screwed couplings with eight threads per inch 
and a taper of 3 per cent, are almost universally employed as 
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connectors. Where excessive corrosion is feared when passing 
certain country the whole pipe line is wrapped in bituminous 
sheeting, or painted with Angus Smith’s solution or other protective 
paint prior to insertion in a trench. 

In e.stimating the capacity of a pipe line and the pressure and 
power necessar)' to transmit a definite volume of oil through a 
pipe, it is necessary to know the static head, i.e., the head due to 
difference of level between the jioints of intake and delivery, and 
from the velocity due to this quantity ma)- be calculated the head 
required to overcome frictional resistance. Where there are bends, 
tees, or other connections, .an additional frictional head is added, and 
this is usually expressed in an equivalent of so many feet of pipe. 
The usual formuke for water arc applic.able to oil when corrected 
by the substitution of certain coefficients to suit various grades of 
oil h.andled. 

Except in very short pipes it is unnecessar)- to consider velocity 
head, t.e., the height through which the liquid must fall to acquire 

a velocity ecpial to that in the designed pipe line, equal to when 

i; = vclocitv in feet per second and — gravity, also the head to over¬ 
come resistance to entry is usu.ally (luitc negligible. Neglecting 
the latter a ver)' satisfactory formula is;— 

11 L v- 

U -.p/x ^ , 

when H - I trail in fret due In fnrtion. 

1.- I.eiiftlh Ilf |ii)ie in feet. 

D Dianieirr til pipe in feel. f 

u I nr It'll trill llial \aiirs with iisinsily ol ihe niiul, for water and liglit 
oils- .1x175. 

Di.agram 13 lA has been compiled from the abov'e formula and 
gives at a glance all the es.sentials fir ordinary ihpc line calcula¬ 
tions for tubes between 2 in. and 8 in. diameter. The .secondary 
longitudinal curvc.s enable data to be read off for certain velocities. 
The figures are only applicable to water and oils with viscosity of 
the same order, for the frictional resistances increase rapidly with 
oiis that partially solidify through solid paraffin contents and those 
of the heavy asphaltic class. Calculations of“«'’ made from actual 
pipe line results show that this varies between .0075 and slightly 
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less for some very fluid light density oils to 6x.0075 = .0450 foi") 
heavy viscous asphaltic oils. 

In calculating the dimensions of pipe lines a substantial margin 
capacity should be allowed, either by excess area of main or excess 
power at the pumps, to allow for unforeseen contingencies and a 
possible diminution of the pipe capacity with age. Thus a pipe 
line in Roumania passed 2,700 barrels daily when new, but four, 
years later only 2,300 barrels daily could be pumped through 
the same pressure. If no sediment collects, no corrosion sets in, 
and no wax or mineral deposits are precipitated, the line may 
show some slightly improved capacity with age, on account of thi , 
removal of scale or particles of jointing material that reach the 
interior of the tube and present slight obstructions to flow. ^ 

The value of“«” for different oils or periods of operating can 
be calculated from pipe line figures. In a Roumanian pipe line' 
3 in. diameter, and 14 miles long, the value of when working, 
with light crude oil of .820 density was .0042. When a viscous 
paraffin-bearing oil of about equal density was pumped througli 
the same line, the pres.sure was increased by 83 per cent, for the 
same quantity, and the value of “ u ” rose to .01. 

A mixed 3-in. and 4-in. pipe line, 30,ocx3 ft. long, through 
which .850 density oil was being pumped, gave, the following results 
during a test of some duration during liot weather, tlie pipe line 
being on the surface ;— 

Average prcs.sure .at inl.akc (pump) - aon 111';, 

„ „ (li'livery em' - ■ 26,7 Ihs. 

Discharge by mcasuririietU - - 21 5 tuns 1 i6q bh.’) per hour. 

Static head . . . . 285 ft. 

4-in. pipe line .... 28,100 ft. 

3-in. „ .... 1,800 ft. 

Area of 4 in. main -.0S725 sip ft. 

• 31.5 tons of .850 (iil= ■- ’ 3 . ""S. -pio cub. ft. per hour 

8.5x6.25 

-0.25 „ „ sec. 

Velocity in 4-in. pipe line = ? .. - 2 ,86 ft. per sec. 

.08725 

Area of 3-in. main = .0491. 

Velocity in 3-111. line — =5.1 ft. per sec. 

.0491 

Total head-=202 X 2.3 ^4666. 

Static head --^2856. 

Friction head (ilifferenre) ^181 ft. , ,, 
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The above unusual good results were [)robably due to the high 
temperature on a light oii. 

Some tests on a 6-in. pipe line conveying Californian oil of .900 
sp. gr. at 70" F. gave a value for “a" of .0147, and with a less 
viscous oil of .880 density the same pipe line gave a value of 
.0095 for An Oklahoma buried pipe line, 3 in. diameter 

and 44 , 8 cX) ft, long, conveying crude oil of a density of .855, and 
working at 70°-75" F., gave a value for of .0089. Some Burma 
tests, where paraffin base oils are run, gave a value for "u" round 
about .011, 

Viscosity is diminished in some cases by heating the oils before 
admission to the pipe lines, earth insulation assuring the main¬ 
tenance of temperature for long distances where lines are deeply 
trenched, Surface lines are sometimes heated at intervals in their 
course, and in some cases congested pipe lines have only been 
released by heating with burning oil over long distances. Cali¬ 
fornian heavy grade oils are usually heated to a temperature of 
about 250° F. before admission to pipe lines, and the temperature 
is not allowed to fall below 100° F. without reheating. Wax- 
containing oils are likewise heated before admi.s.sion to pipe lines 
to reduce viscosity, and in some cases light oils are added to keep 
in solution the paraffin contents within the limits of prevailing 
temperatures. 

Fluidity is sometimes increased by the addition of hot or cold 
water to the oil, but the choice of water must be guarded or salts 
of lime may be deposited in the pipe and seriously impair the 
efficiency of pumping and the capacity of the pipe line. Several 
spiral or rifled pipe lines were designed and laid in California with 
the idea of reducing the high frictional resistances in pumping 
some of the heavy viscous oils of that country, but,their success is 
uncertain. The tubing was grooved so that one complete turn 
35 
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of 360° was effected in about lO ft. of pipe, and it was -cJaiil^M Uiat 
the rotary motion thus imparted to moving liquids was sufficient* 
to throw the heavier water to the outside, and enable the viscous 
oil to travel inside an annular ring of water. Water was added' 
to aid this effect with alleged satisfactory results. No reliable 
data are available of proper tests, and it is suspected thjb 
the benefits did not justify the heavy outlay involved in the 



Fig. 134.—Diagram showing I'ercentage Ratio of Discharge for Oils 
with different Coefficients of Friction. 


purchase of such expensive piping. In any case, it is difficult to 
believe that the centrifugal effect of a liquid moving at only 3-5 
ft. per second with a twist so smal) would have any practical effect, 
but it is conceivable that water added at the inner surface of the 
pipe might tend to retain that position and be partially carried 
around with the rotating body of oil, thus reducing skin friction, 
in which case the more viscous and less miscible the oil the better 
the^result in practice. 
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Sharp bends should invariably be avoided irf pipej'lipNSs, and 
only full-way gate valves should be employed. When laid on j 
the surface of the ground expansion joints must be inserted at 
intervals or serious leaks will develop with changes of temperature. 
Sometimes expansion is taken up by laying the pipe line in a 
sinuous course, thus enabling the line to better accommodate itself 
to expansion and contraction. This latter practice is not to be 
recommended although justified in certain cases. 

In pipe line work the hydraulic gradient should be maintained, 
by which no point of the line is allowed to rise above the level 
drawn from the point of maximum elevation to the lowest point, 
and in pipe lines where light oils arc pumped, it is necessary to 
provide for the release of gas that may collect at high points 
in the main and interfere with pumping. Automatic relief valves 
may be placed at such points to liberate gas so accumulating, or 
where low pressures are involved open stand pipes may be erected. 

In temperate climates where summers and winters occur, 
all pipe lines should be sunk in trenches about 2-3 ft. deep. 
Streams may be negotiated, either by car’-ying the well-insulated 
main in boxes over trestles or bridges, or laying in the bed of 
the stream, in which latter case special river clamps are bolted 
Over the sockets, and suitable anchors or supports arc fixed to 
prevent any travel in the event of movements in the river bed. 
Pipe lines may be conveniently supported over ravines by sus¬ 
pension from wire lines stretched across and securely anchored 
at each bank. Suspension rods of suitable Jength allow the pipe 
to cross horizontally. 

Trenches for long di.stance lines on easy gradients are now 
usually mechanically excavated with mechanically-propelled ex¬ 
cavators that only require the services of two attendants. P'rom 
50-100 ft. can be performed in medium hard ground per houi 
for depths up to 3 ft. 

The power for pumping is .simply calculated from the following:— 

Theoretical H P - (^“15 + Frictional head in feet) x (poundsof liquid pe rminu te 

33-000 

Fig- 135 has been prepared to give at a glance the theoretica 
horse power required to pump various quantities of liquid agains 
various heads. In small field oractice the power so'obtained shouh 
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be increased by 40-^0 per cent, to allow for pump efficiency anc 
contingencies, as in rough oil-field work there are many unknowns, 
and the pumps are often worked in a very inefficient state of repair, 
For ordinary duplex steam pumps it is advisable to allow for from 
70-100 lbs. of steam per horse power per hour. 

Fig. 43A, p, 287, can be used to facilitate calculations of weight 
of liquid from a certain specific gravity. Allowance must be made 
in calculations for any variation in density due to temperature. 

An exceedingly u.seful chart is shown in Fig. 136 that enables 
one of three factors to be instantly read off if the other two are 
known. The chart shows gallons per minute, pipe diameter in 
inches, and velocity in feet per second. A line drawn through any 
two knowns will intersect the unknown and give the desired data. 

The high development of the oxy-acetylene flame has led to its 
employment in welding up pipe lines in much the same way as 
steel rails are welded. Whether this process will ever comptfte 
with screwed sockets it is difficult to say, but it is certain that for 
special work in attaching branch connections under certain circum¬ 
stances it might prove quite useful. 

Deposition of wax in lines through which paraffin oils are 
conveyed reaches at times serious proportions, and its liberation 
and removal is undertaken with the use of a “go-devil.” The 
‘ go-devil ” is a tool with cutters that rotate when impelled forward 
by the pump after in.sertion in the pipe line. At intervals there 
are boxes into which the freed wax and the tool may fall before 
re-entry in a further length of line. 

Damaged or corroded points in a pipe line are generally 
■epaired, when discovered, by the attachment with bolts of a pair of 
damps beneath which is inserted some soft packing unaffected by 
)il. Numerous devices are available for making branch connections 
vithout severing the line, for instance, by strapping on a combined 
damp and screwed connection after a perforation has been made 
n the pipe. Pipe saddles are convenient connections. 

Submarine Pipe Lines.— In recent years considerable attention" 
las been given to marine pipe lines to effect shipments of oil from 
nconvenient points where shallow water would impose almost 
)rohibitive expenditure on piers, and no deep water harbour! 
!xist, near. Such submarine pipe lines have been successfully 











operated in Mexico, Fern, Trinidad, the Caspian 
and o&cr place$. This class of work often involves careful 
surveys and engineering, skill of no mean order unless failure is 
codrted, as repairs are not cheaply effected, nor errors rectified. 

Several methods have been adopted to suit local conditions. 
On flat level country the pipe line may be coupled up on the 
land and stretched on rails or rollers or other objects to reduce 
friction and then drawn out to sea by one or more tugs to the 
desired point. Where such a course is impossible the pi])es are 
coupled up on barges or rafts and deposited as work proceeds. In 
the event of a rough .sea developing whilst work is in progress the 
line must be plugged, sunk, and buoyed till the weather improves 
and work can be resumed. Where moving sands or beaches 
exist special anchor pieces must be attached to the socket pro¬ 
tectors at intervals, thus sinking and holding the pipe line in 
position as sand is washed away. 

In all cases it is advisable to attach heavy C.I. joint clamps 
to the collars to prevent a fracture at the joints during lowering 
on an uneven bottom, and to securely protect the joints from 
subsequent damage and breakages. All joints should be treated 
with a good bitumastic compound before attachment of the pro¬ 
tectors. Divers may be necessary in some cases to examine the 
bottom and see the pipe line properly placed so as to avoid rocky 
irregularities, but usually this is unnecessary, and it is sufficient 
to attach to the end of the line a marine C.I. valve and fitting 
or concrete blocks to firmly secure the enjl piece to which the 
vertical ascending pipe is attached. No special derrick or dolphin 
is usually necessary at the sea extremity of the pipe line, where a 
flexible metallic piping or special canvas hose is either lowered on 
to the bottom and buoyed, or suspended from a winch on a barge 
or lighter. 

The work of laying submarine pipe lines is facilitated by keeping 
them empty during laying, and so utilising the natural buoyancy 
of the enclosed air. A 6-in. pipe weighs with couplings and light 
protectors about 20 lbs. per foot, and the weight of water displaced 
would be about .25 cub. ft. per foot, or 15.6 lbs., consequently 
the weight of the submerged piping due to buoyancy would be 
4.4 lbs. pCT foot instead of 20 lbs. The weight of the pipe, by the 
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addition of special strengthening clamps, is increased by about 50- 
per cent. 

Pumps. —Until a few years ago single or duplex, direct-driven, 
reciprocating steam pumps were mainly used for water and oil 
services on oil-fields, but the advent of the internal combustion 
engine has led to the extended utilisation of belt, chain, or gear 
driven pumps. The turbine pump, developed from the old centri¬ 
fugal, has likewise opened up possibilities where head and volume 
requirements fall within circumscribed limits imposed by that type. 
Direct-driven steam pumps need no description, as they are too 
well known to call for comment. They arc wasteful in steam 
consumption, and very inefficient when slightly worn. 

Reciprocating pumping sets, in which the source of power is 
either mounted on the same base plate or erected on separate 
foundations, are e.spccially suitable for economical running by oil 
and gas engines or electric motors. The pumps maybe of the ram 
or pi.ston type, single or double acting, horizontal or vertical, and 
single, double, or treble throw. In selecting a pump, the following 
features should be observed where efficiency in running and re¬ 
liability in use arc not subordinated to initial outlay as is so often 
the ca.se on oil-fields:— 

(rt) Moderate piston speed of engine and pump. 

{h) Smooth running driving gear. 

(c) Facilities for quickly opening up suction and delivery 
valves. 

(rf) Renewable v^.dve faces as well as valves. 

{e) Avoidance of pockets or receptacles wherein gas could 
accumulate. 

(/) Where salt or corrosive water exist, gun-metal cylinder 
linings and valves and .seatings should be specified. 

Centrifugal or turbine pumps are particularly useful for large 
volumes where electric power is 'available for convenient direct 
coupled, high-velocity transmission, but the u.sual duty of small 
volume with high head has restricted their employment for pipe 
line work. For duties where large volumes of water contaminated 
with sand are required to be raised to small elevations for con- 
densjng or draining purposes, the pulsometer type of pump. 



although extravagant in steam consumption, may with advantage be 
substituted for the centrifugal type where the latter cannot be con¬ 
veniently operated. These have been successfully used in cleaning 
out large earthen reservoirs, and no difficulty has been experienced 
when the ejected mixture of water and sand contained quite a fair 
percentage of oil. Pul.somelers have been utili.sed for raising .sea 
water contaminated with sufficient sand to destroy reciprocating 
and rotary pumps, other than .specially designed centrifugal pumps, 



PiK- i,i7--~I'iaKram showing the Kel.itinnsbip between Hydraulic 
Hoise I'owcr .ind Fuel Consmiiplioii for Various Types of 
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in a short time. The rise in temperature of the water is an obvious 
objection when water is needed for condensing purposes. 

Drum pumps arc quite suitable for low [iressurc work, and can 
with advantage be installed amidst groups of wells to force the oil, 
when free from .sand, to main storages. 'I hey are usually driven by 
a belt with fast and loose pulleys from a pumping power engine. 

Where wells are pumped by jerker lines it is possible to employ 
a pump operated by jerker linc.s to force the oil fiom a group of 
wells to some central storage. 

High pressure long-distance pumping is almost invariably per¬ 
formed by ram pumps, often double acting with s'ide coupling rods. 
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These may be direct steam driven or be operated by any kind of 
power through the medium of a geared frame. 

The power required for pumping is shown in Fig. 135 ; the fuel 
consumption per hor.se power naturally varies with the size and 
type of purnp.s, but may be taken appro.ximately as follows. Fig. 
137 diagrammatically shows the fuel consumption per horse power 
for various types of [jumps. 

. ’I'jiio of r’liniji ‘ "iisntupiion pet 'I'heorctit H.P. 

|>cr Ixjlti at \’atioii'. Caiiat ities. 

J)irccl-aclin^- sLeani diiijlex juimps - Viom 20 lbs. lo 7 lbs. liquid fuel. 

Oil engine j^uuiecl with rcuiprocatin^ 

’’"'"p ■ - ' 3 „ I „ 

I..IS engine gc.iied wnii ieLipnicaUng 

- • - - „ 2u cub. fl. to ij cub. ft. gas. 

rumps geared or belled lo non-con 

densing steam engine - - „ <S lljs. to (> lbs. litiutd fuel. 

I’ulsomcler ty|)e - - - - „ ;o „ i; „ 

llandy portable |)uinp.s are now made for ([uick transference to 
deal with sudden flow.s of nil, especially when tile latter is of light 
density, as the loss throuoh even brief e.\po.siire to the atmosphere 
would be cxces.sivc. Mg. 138 shows a typical high pressure three- 
throw ram pump. 

Measurement and Storage of Petroleum.— No universal 
unit of measurement has been accepted for petroleum. As a liquid 
petroleum naturally lends itself most readil)' to volumetric estima¬ 
tions, but on the other hand its variable density, when subjected to 
different temperatures, naturally suggests weight measurements as 
the proper course to ensure equal value uni:lcr all conditions. As 
it is inconvenient to tvcigli liijuids it is customary to measure oil 
volumetrically, and from carcfull}' ascertained coefficients of ex¬ 
pansion calculate corrections which can be applied to fix the weight 
of a definite bulk unit at aii)' desired temperature. 

At first sight it appears an easy matter to convert bulk into 
weight measurement.s, but extreme accuracy is very difficult as the 
coefficient of expansion varies'with oils of different densities and 
composition, and .sometimes layers of different densities separate 
in tanks. In practice, however, such details are neglected, and con¬ 
version tables are [prepared and sold for the use of buyers and 
sellers. This coefficient of exjjansion i.s di-scussed on p. 28cS. 

The. ton is a unit of weight established ty practice. In 
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England and America it is the 2,240 lbs, ton, but on the Continent 
of Europe it is customary to employ the metric ton of 2,204. lbs. 
(1,000 kg.). In Austria-Hungary and Roumania the car or 
wagon of 10 metric tons is a usual unit, and smaller quantities 
are often expressed in kilogrammes (2.2 lbs.). Russian weight 
measurements are in poods of 36 Isnglish lbs. 

Volumetric units in general practice arc the barrel and gallon. 
The American barrel, which has grown with the American oil 
trade, has a capacity of 42 .American gallons. The following 
expresses the relationship of Hriti.sh and United States gallons. 

United States gallon = 23i cub. in.--.S33 Imperial gal. = 8.345 
lbs. of water at 39" K. 

Imperial gallon = 277.274 cub. in.= 1.200 United States gals. = 
10 lbs. of water at 62” h. 

The relationship of the United State.s gallon to the Imperial 
is therefore 231 : 277.274, and one barrel of United States 42 gabs, 
is equal to 42 x .833 — 35 Imperial gals. 

Measurements of oil are preceded by an examination for water, 
usually a.scertaincd in tanks by the insertion of what is called an 
“oil thief,” a graduated vessel to which lii|uid can be admitted when 
it is lowered to the bottom of the lank. .A .strip of chemically- 
prepared paper may be used, attached to a metal body that is 
lowered to the bottom of the tank, and as the paper is unaffected 
by oil and is by water, a line of demarcation is indicated. It 
is usually neces.sary to run off quite a quantity of oil mixed 
with water near the J3a.se of the tank to ensure freedom from 
water, but this is led through a water trap and from thence into 
a vessel or reservoir for more prolonged settlement and ,sc[)aration. 
Greater freedom from water and dirt in delivery of oil from tanks 
is aided by the use of a .swdnging delivery pipe, fitted with .strainer, 
that floats or is slung near the surface of the oil, thus always 
drawing off oil from near the surface of the liquid. 

Water contents of oil arc quMcly ascertained by agitating 
a sample with kerosene, and then allowing to settle in a graduated 
glAss, or by the use of a centrifugal, whereby samples placed in 
■'graduated tubes are revolved at a high speed. Water contamina- 
<tion is often invisible, and with heavy oils a large perciiili^ge may 
remain obscured even after long standing. 
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Correct average densities of oil contained in receivers or tanks 
are determined by withdrawing samples at different depths by 
means of a small metal bailer or oil thief lowered to the desired 
point by a wire line or tape. The temperature is taken simul¬ 
taneously with the density to ensure proper corrections for expan¬ 
sion to enable reduction to a common temperature. Crude oils that 
solidify with reduction of temperature, or are extremely viscous at 
temperatures approaching those prevailing in oil-ficld.s, necessitate 
the use of a steam coil in the base of the tanks to effect fluidity 
when deliveries arc to be made, and measurements arc to be 
taken. 

A steel measuring tape with a weight on its end is usually 
employed for oil measurements, but .somctime.s a wooden or steel 
rod is used for the purpose where the depth is not great. Floats 
and gauge glass rcading.s arc not usually sufficiently accurate for 
measurements of deliveries of oil, although useful as an index of 
level. 

Oil is usually stored above ground in cylindrical steel or iron 
tanks of convenient proportions for reejuirements. A roof is pro¬ 
vided to prevent admission of rain water and contamination, and 
in the case of light oils evaporation lo.sscs arc diminished by the 
use of an air-tight roof, but in the latter case a special equilibrium 
valve is needed to allow the c.scape of gas if the ptessurc exceeds 
a predetermined safe degree, and to admit air when oil is abstracted. 
The main features characterising an oil tank arc :— 

1. Large draw-off valve at lowest point to remove water and 
sediment. 

2. One or two manholes near base for entry. 

3. Inlet pipe leading above top of tank, and either di.scharging 
on base or flowing into second large pipe that conducts new oil to 
the base of tank and prevents undue .splashing, and consequently 
liberation of light products. 

4. Gauge glass or succession of ^augc glasses to read off oil 

level. 

5. Sometimes a float and outside measuring board and indica¬ 
tor to notify level of liquid. 

( 6. Floating or adjustable suction pipe to draw oil from top of 

liquid when discharging. 



7- Sometimes for H^ht oils in hot climates a water spray 
for roof or a dished roof for holding water. 

8. The construction of an earthen embankment round the 
tank enclosing a space from one and a half to twice the volume 
of the tank so that in the event of a fire occurring the burning 
oil may be prevented from spreading. 

9. All oil tanks should be well painted outside : the finishing 
coat should be white or nearly so in a hot climate to prevent 
undue absorption of heat. 

10. Oil tanks, especially when intended for light gravity 
oil, .should be ver)- closely riveted, and great care should be 
taken to close the seams before the rivets are inserted and driven. 

11. One or more dipping pipes, .sometimes combined with 
the escape valves, are usually fitted for sampling. 

The cost of steel tankage naturally varies with the price of 
metal and labour, but for standard sized tanks the price varies 
from $0.45 per barrel of rapacity for 1,000 barrel tanks to $0.15 
per barrel for 30,000 barrel tanks, after which the price per barrel 
of capacity diminishes but little. 

Oil-fields are usually provided with service tanks of assorted 
sizes for such purposes as settlement of sediment or water, 
temporary local storage, measurement of oil from individual wells 
or isolated units of wells, fuel, or feed water. As they are prin¬ 
cipally for duties of a temporary nature it is advisable that they 
should be of a weight, dimension, or nature that admit of transfer 
from place to place. Ifxcccdingly serviceable wooden tanks or 
vats are largely used in the American, Roumanian, and Russian 
oil-fields, where until recent years they were remarkably cheap. 
The staves are supjdicd in bundles, with edges planed, and the 
ba.se timbers are likewise correctly cut and shaped to fit in grooves 
in the staves. When set up the staves are tied together by steel 
bands with screws that draw them firmly round the tanks. 

Wooden tanks of the above kind can be easily conveyed in 
bundles of inconsiderable size and weight to any point, and their 
dismantling and re-erection is a simple matter at any time. If 
shaded from direct sun’s rays by a surround of brushwood, or pro¬ 
tected from vertical rays by a larger wooden cover extending 
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far beyond the edge of the tank, evaporation losses are surprisin^y 
small. 

The list below gives the particulars of a few convenient sizes 
that are in popular request on oil-fields. 


I’ARTICUr.AR.S OK WoODEN TANK.S OK VaTS. 
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16 
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Circular steel tank.s, S 

ft. diameter 

aiul 4 It. high, are largely 

employed for oil-field duties. They ha\ 

'e an upper angle-iron curb 

riveted inside 

two angle-iron br.iccs at 

id several 

2-in. outlet con- 

nections at several points near the base. 

ouch tanks can be rolled 

on 

their sides from site to 

site wititoul 

sustaining 

damage. Their 


cost at ordinary time.s is about £12 ($60). 


Sometimes tanks are leased or rented for tlie storage of 
oil. The Roumanian <jovernment charged F. 8,000 (.^320 = 
$1,600) per annum for 4,000 tons storage tanks at Constanzia, 
and in the United States a charge of i cent iter barrel (3.75 
pence per ton) per month is customary. In Fngland, charges, 
of 6d. per ton per month have been made. 

Cause, Prevention, and Extinction of Fires. —Oil-field fires 
can best be attacked by water notwithstanding the first impression 
that water might be the least valuable and possibly most dangerous 
to use. The author spent several years of the most dangerous 
period in the Baku oil-fields of Russia, when every new well 
saturated the neighbourhood for long distances with highly . 
inflammable vapours, and careless, ignorant labour neglected •the- 




ipost obvious precautions against fire, and uniWWngly took the 
most reckless risks in efforts to evade legal restrictions. Fires 
were in consequence of constant recurrence, and many involved 
hundreds of derricks and many acres of congested oil properties. 

Little risk of extensive damage occurs in oil-fields where the' 
wells are widely distributed, but where several wells per acre are 
located the congestion of works and difficulties of access and egress 
constitute a real and serious danger to property and life. A recent 
example "of the extreme danger arising under such circumstances 
is afforded by the Moreni-Bana oil-field of Roumania, where a 
whole succession of fires time after time devastated the area and 
caused serious loss of life, notwithstanding official restrictions of a 
drastic nature. This field lay in a depression protected from certain 
winds, and the light crude oil, yielding as much as 40 per cent, of 
benzine, was accompanied by prodigious quantities of exceedingly 
inflammable gas when wells were flowing. Explosions were severe 
and a slight misadventure would initiate a big conflagration. 

A fire service should be arianged on congested properties, and 
usually the high pressure oil pumps are used for feeding the mains 
at a pressure that will throw a jet at least i 50 ft. Care must be 
taken to so arrange the piping that oil is not left in, as on several 
occasions the author has seen oil fed to the fire jets with disastrous 
effect. Stand pipes .should be erected at intervals, clearly marked, 
and ho.scs should be placed at suitable spots beneath a shelter for 
their preservation. Trials should be made occasionally, and positions 
allocated to certain men with fixed duties near at hand. A power¬ 
ful whistle or hooter should immediately l?e sounded in the event 
of fire to warn all workmen who could not observe an outbreak. 

Fires not due to incendiarism ari.se mainly from the following 
causes:— 

Lightning. 

Heating of some moving part of the rnachinerj'. 

Sparks through striking of metal or stones when a well is 
in eruption, or strongly gassing. 

Breakage or short circuiting of electrical apparatus, , 

Ignition of travelling or creeping gas. 

In districts where thunderstorms are frequent fires occasionally 
•ari$e from lightning, the derricks and tanks nahurally constituting 
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particularly iikdy objects for attack. Differences of opinid 
are'hejd concerning the use of lightning conductors. As Ifglirt 
ning conductors frequently prevent a stroke of lightning by, 
silent neutralisation of earth and cloud electricity their use ttiigt 
be beneficial. The risk is not usually considered of sufficier 
importance to take special protective measures, although a larg 
tank installation might, with advantage, have a tall mast fittC 
as a lightning conductor near the tanks that would deflect 
possible discharge away from a dangerous centre, or relieve electric! 
tension. Fires by lightning are especially prevalent each summ< 
in Oklahoma and Galicia, and in the former fields it has bee 
observed that they originate from ignition of gas far above th 
tank or derricks, and operators now lead a gas pipe from tanl 
to a distance. In Galicia steam jets arc opened in derricks duriti 
thunderstorms. 

Overheating of brakes or bearings can best be prevented 1: 
leading jets of water to points where danger e.^cists. In very gaseoi 
wells water should be led to brake bands and measures should I 
taken to methodically attend to the lubrication of all working part; 

Sparks are frequently caused by the striking of the too 
against the- casing or other metal parts of the rig. Usually tl 
temperature is insufficient to ignite gas or inflame oil, but at timi 
sparks do cause explosions for some unknown reason. Freque; 
fires have originated through this cause with serious loss of life 
one field with which the author is professionally associated, at 
where the oil contains nearly SC per cent, of benzine ; consequent! 
it can be positively affirmed that sparks can be a source of conside 
Sible danger. In one case an explosion occurred in the casii 
during drilling, of sufficient violence to drive a wrought-iron cov 
sheet to the top of the derrick, where it was embedded in t 
timbers ; and the author has had brought to his notice many cas 
of explosion in wells during drilling. Usually these explosions ^ 
not very violent on account of the, incorrect admixture of air 
produce the most explosive mixture. 

The most dangerous point is near the mouth of the well whi 
the requisite admixture with air is possible, and the danger can 
greatly minimised by inserting copper rings, or attaching WjS^ 
iclamps, so that the upper length of casing is not struck by_|^ 
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during their ascent, descent, or working ’ISitiihg bailing, a jet of 
steam may be allowed to impinge on ® mdulh of the well in the 
absence of a copper or wooden ring. 

Eruptive wells occasionally take fire through siliceous stones 
striking one another, or steel objects obstructing their path. That 
the, former is po.ssiblc is exemplified by the ignition of natural 
gas ejections such as have occurred near Baku, Russia, and are 
described fully elsewhere. 

Failure of electric service has been a source of so many fires, 
that it is now a custom to place outside the derrick a switch that 
can be shut off if a well flows and endangers the structure or the 
fittings. The lamps themselves are always protected by glass and 
wire globes, but incande.scent filaments rarely ignite gas, although 
they may. Short circuits are more dangerous, as the derrick itself 
may be fired. 

Petroleum ga.ses arc hcav)-, and during cairn weather the gas 
may creep unnoticeil along the ground until it reaches a boiler- 
furnace or fire, when ignition takes place, and the flame travels 
quickly to the source of origin. Such an occurrence led to a 
serious loss of life on Plot Xl.X., Bibi-lfibat, Russia, on one occasion 
when a well was flowing far away from the boiler hou.se. it is now 
a common practice in congested fielrhs to install large fans for 
drawing the gas from the derrick during big eruption.s, and expel¬ 
ling it through tubing to a point outside the danger zone. 

It is difficult to confine an oil-field fire to a single well in a 
congested area, and all property lies in great danger when there is 
an outbreak, especially if there are flowing wells in the vicinity. 
Wooden derricks arc now often covered with sheet iron, uralite, or 
some other non-inflammable material, which prevents ignition from 
falling sparks, and restricts the extent of the fire by reducing 
sparking if a well so provided is ignited. An additional safeguard 
is often provided b)' installing a water spra)? round the top of the 
derrick, and in some cases, in addition, a steam outlet valve in the 
derrick. This latter causes jets of steam to emerge from every 
crevice or space in the derrick, and the.se will repel and extinguish 
burning particles that may approach or settle near dangerous spots. 

AH oil tanks, chutes, or other vessels should be provided with 
covers to prevent burning fragments carried by wirtds from settling 
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on exposed oil. M^jfeibuld be stationed at numerous points with 
shovels to throw so* or fed on any burning object that falls on 
the property. When the danger is serious, soil or sand should be 
thrown on all machinery, and it will usually be possible to dig it 
out intact after a fire if well covered in this way. The author has 
had in operation within forty-eight hours engines so protected 
although buried in burning debris. 

The extinction of burning gushers is described elsewhere, 
p. 458. 

Oil tanks are sometimes protected by water sprays, and for 
safety to the neighbourhood they are always surrounded by an 
earthen or masonry dam that will give a capacity in excess of 
the tank or tanks thus .surrounded. More recently foam mixtures 
have been used for extinguishing burning oil in tanks or reservoirs. 
Two tanks are prepared, in one of which is placed a mixture of 
glue, glucose, bicarbonate of soda, salicylic acid, and water, and 
in the other a mixture of aluminium sulphate, sulphuric acid, and 
water. The two are introduced into a common mi.xer and the 
resultant foam ejected on the .surface of the burning oil. The 
evolved carbon dioxide 's retained by the foam formed, and so 
kept in contact with the surface of the burning oil, effectively 
preventing admittance of air and absolutely extinguishing the 
fiercest flames at once. 

An improvement in the above process has been effected by 
using some of the by-products of the manufacture of liquorice, 
especially rich in resinous and albuminous materials, that form a 
foam of considerable durability. 

Mechanic Shop and Buildings.—All large oil profrerties are 
equipped with a mechanic shop where repairs may be executed, 
and special tools manufactured. The size and amount of machinery 
naturally depends upon the magnitude of the enterprise, but the 
minimum plant for a properly designed shop would be;—Lathe, 
pin and socket lathe with hollow spindle and tapering attachment, 
two drilling machines, shaper, screwing machines, fan and amiA'^S 
plant, with power hammer. 

A workshop designed by the author’s firm for an oil property' 
is shown in Fig. 141, where it will be seen that, besides the ordinary 
machines, there is a multiple spindle drill for preparing perforated 





casing, and screwing machines for taking all sizes of casing in use. 
The hollow-mandrel lathe is a very useful tool, and should never 
be omitted, as it enables the boxes of long stems to be rebored and 
screwed without the necessity of cutting off and rewelding the 
joint after machining; a costly and unsatisfactory procedure where 
the blacksmiths may not be highly skilled. Such supplementary 
tools as power hacksaw and keyway cutter are useful labour-saving 
additions. 

Workshops are usually constructed of steel when sent abroad 
to places where timber is scarce or expensive, but for dwellings 
timber is usually and naturally preferred. In temperate climates 
no special kind of structure is necessary, and the local prevailing 
style is customarily adopted, but in the tropics the subject assumes 
a far graver aspect for people from temperate zones, as upon the 
type of dwelling largely depends the health of the staff. The 
author has paid especial attention to this subject, and particularly 
studied the Panama methods during successive visits to the Isthmus 
during the progress of the canal works. As the Anopheles and 
Stegomyia mosquitoes, the only conveyors of malaria and yellow 
fever respectively, have nocturnal and domestic habits, breeding 
readily around hou.ses, and immediately seeking the dark recesses 
of rooms, it is essential that all dwelling hou.ses should be screened ; 
screened double doors enabling admission and exit, with a minimum 
of risk of intruders entering. Fig, 142 shows a bungalow designed, 
for the tropics, incorporating all the main features for health and 
comfort under trying tropical surroundings. * All verandahs are 
screened with bronze metallic netting, and all water tanks and vessels 
are similarly screened. A second precaution is a mosquito net 
to all beds in addition. 1 f the site of erection is situated on elevated 
ground no inconvenience is experienced, as is so often asserted, 
through the screening reducing air currents. The escape from the 
annoyance of myriads of flying insects, which at night trouble all 
tropical residents in unscreened houses, is itself a comfort not 
to be despised. As the Anopheles only appear at night, the risk 
of infection is very small if the evenings are spent in screen^ 
buildings. 

In this connection a few hints on road construction and 
transport in new countries might not be out of place, as transport 
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is not infrequently one of the chief sources of outlay in distant, 
uninhabited regions, perhaps covered by dense jungle. In muddy, 
forested regions the undergrowth should be first cleared and the 
route surveyed to avoid great differences of elevation. As few big 
trees as possible should be felled, as the roots have to be dug out. 
The route is next deeply trenched on either side for drainage, 
and then corduroyed by laying suitably split timber or hardwood 
saplings side by side across the track; sand, burnt clay, or other 
available material being then laid on its surface. The corduroy is 
anchored at its two edges by cross pieces held down by firmly 
driven stakes. Burnt clay can be prepared by stacking up alternate 
layers of good hardwood logs and clay. On being fired, slow com¬ 
bustion proceeds for a week or more, and the clay is burnt to brick, 
making a fine road covering for light traffic. 

Bridges are built from rough-dressed trunks of hardwood, 
supported on bearers resting upon firmly placed pedestals. A 
selection of steel girders has been found very useful for bridging 
small streams in pioneering. Bad pieces of swamp carl often be 
traversed by piling up bundles of brushwood, and soft muddy 
stretches can be negotiated by means of buffaloes and sledges. In 
sandy regions, like p.arts of California, the liberal use of oil has 
greatly facilitated transport; and in other regions asphalt roads 
have proved of great value. Motor traction is usually impossible 
,for such pioneering work, but light railways of the Decauville type 
'have proved invaluable in developing oil-fields where plant has 
often to be conveyetl many miles from the port of embarkation or 
rail head, or where the operations arc some miles distant from the 
workshops and residences of staff. 
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CHAPTER XII. 



THE MEASUREMENT, COLLECTION, TRANS¬ 
MISSION, AND UTILISATION OF NATURAL GAS, 

Natural (las—Collection of Natur.al G.as—Measurement of Flow of 
(las— Combustion of Natural (’,as -(ias-dasolene Extraction. 


Natural Gas. —The conditions under which natural gas occurs 
in Nature, and the phenomena associated with its distribution, 
have been fully described in the preceding chapters. 

Analyses and calorific values of natural ga.ses from widely 
separated oil-fields have been given in Chapter VI., and some 
idea of the waste of this valuable fuel can be gleaned from the 
figures on p. 93. 

Extensive use is made of natural gas in the United States, 
and around Pittsburg most of the great iron and glass works 
extensively employ gas, which is often obtainable at 10 cents 
( 5 d.) per i,(Xio cub. ft. Some of the gas mains leading to 
Pittsburg have a diameter of about 36 in., and a daily capacity 
of over 100,000,000 cub. ft. The pressure in the mains from the 
gas-fields is often several hundred pounds per square inch, but 
it is reduced to about 4 oz. (of water) in the city distributing 
mains. 

In the Canadian gas-fields the gas is likewi.se led, under a 
pressure of 200 lbs. per square inch or thereabouts, to the centres 
of consumption, where it is distributed at a pressure of from 
2-6 oz. per square inch to the consumers. In the city of Chatham, 
in 1907, the charges for natural gas were as follows 

Lighting and cooking - 35 cents per 1,000 cub. ft. 

Heating up to icx),(X)o 

cub. ft. - - - 27 M " " 

Heating from icxi.cxx) to 
150,000 cub. ft. - 


22 
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Heating above 150,000 

cub. ft. - - - 17 cents per 1,000 cub. ft. 

Gas engines ---15,, „ „ 

Firing boilers - - - 12 „ „ „ 

Natural gas, comparative!}' free from nitrogen and carbon 
dioxide, may be considered to have a calorific value of about 
1,000 B.T.U. per cubic foot, from which it can be deduced that 
from 19-20 cub. ft. of gas are equivalent in heating value to 
I lb. of crude oil, or 42,500-45,000 cub. ft. of gas as equal to 
a ton of oil. 

Enormous volumes of natural gas, available at nominal prices 
within practicable distances of the great industrial centres of 
Pennsylvania, have been an important factor in the mineral develop¬ 
ment of those regions, notwithstanding the prevalence of cheap 
coal. In partieijjating in a discussion of this subject,’ the author 
presented the following figures that showed the enormous advan¬ 
tages that accrued from cheap natural gas. Gas at 15 cents (/Id.) 
per 1,000 cub. ft. was equivalent in heat units to good coal at 
$4.80 (£1) per ton, and crude oil at $6.75 feSs.) per ton, but if the 
average price of gas for power purposes of 9 cents per 1,000 cub. ft. 
is taken, the gas is equal in heal units to coal at .$2.88 fies.), and 
crude oil at $3.84 (i6s.) per ton. 

Comparing the cost of power with the contemporaneous pre¬ 
vailing conditions in England, the following com|)arativc figures 
are obtained :— 

• 

Coal gas ■ at 2s. (48 cents) per 1,000 rub. ft. = 25,000 I!.T.U. for ul. (2 cents). 
Producer gas at 2d. (4 cents) „ ., - 75,000 I!.T.U. for ui. (2 cents). 

N.itural gas .at 4ki. (9 cents) „ „ -^22o,cxx> ll.'I'.U. for ul. (2 cents). 

Heat units available from public gas companies in London thus 
cost nearly nine times as much as in Pittsburg. 

Converted into cost of power at ,12 cub. ft. per B.H.P.-hour for 
natural gas, and 18 cub. ft. for coal gas per B.H.P.-hour, and 80 
cub. ft. of gas per B.H.P.-hour for producer gas used in gas engines, 
there is obtained:— 

‘ bulletin 125, Inst. Min. Metallurgy, London. l)i5ri|s.slon on “Inflammable 
Natural Gas as an Economic Mineral,” J. A. L. and VV. A. Henderson. 
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* , 

Natural gas at 9 cents per 1,000 cub.ft., 13s.6d. ($3.24) per B.H.P. year of 3,000 

hours. 

Coal gas - at 48 cents „ io8s. ($26.00) per B.ll.P. ye.arof 3,000 

hours. 

Producer gas at 4 cents „ „ 40s. (.S9.60) per B.H.P. year of 3,000 

hours. 

Used for steam [generation in a medium-.sized non-condensing 
engine the comparative co.st of power is :— 

Natural gas at 9 cents per 1,000 rub. ft., £ji. 5s. per B.H.P. year of 3,000 hours. 
Coal- - - at $4.80 (^1) per ton, ^4. 8.S. per B.H.P. „ „ „ 

In practice, however, it is found that a larger margin must 
be allowed, and in the Baku oil-fields, where the theoretical 
heating equivalent of i pood (36 lbs.) of crude oil is 728 cub. ft. 
in natur.al g:is, it is found that about 770 cub. ft. are consumed 
under the boilers to replace this amount of crude. 

One of the chief difficulties connected with the utili.sation of 
natural gas is its transportation over long distances. A large pipe 
line transporting 30,000,000 to 50,000,000 cub. ft. daily entails an 
expenditure not much less than a railway and engineering problems 
of little less importance. The thermal units conveyed arc small 
compared with the transport of oil. A 12-in. pipe line would con¬ 
veniently convey over long distances 1,000,000 cub. ft. of gas per hour 
representing in rough figures 1,000,000,000 B.Th.U., but the same 
line would be able to transport over 200 tons of oil, or, say, 
9,000,000,000 B.Th.U. per hour, corresponding to nine times as 
much power. Put another wa)', a 4-in. pipe line, costing but a 
fraction of that of a 12-in., would easily transmit as oil the equivalent 
in heat units of the 1,000,000 cub. ft. of gas ; the latter being 
equal in calorific value to about 22 tons of oil. The natural gas 
diverted to commercial u.se in America, in tqfa, was estimated at 
562,200,000,000 cub. ft,, valuer! at $84,564,000 (;^ 17,617,000). An 
average price of 26.34 cents was charged to domestic consumers, 
and 9.11 cents to users for industrial purposc.s. 

Methane is usually the predominating hydrocarbon in oil¬ 
field gases all over the world, but sometimes there is also a pro¬ 
portion of other hydrocarbons present. A quantity of extremel}’ 
light spirit condenses from the gas i.ssuing from some wells, 
and collects in the mains, from whence it nuNt be periodically 
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abstracted u. v. depressed point, or in a trap placed for its 
reception. 

A test of one sample of such spirit showed a specific gravity 
of 0.755 at 60 ' F. 

A natural gas of ordinary comirosition only becomes explosive 
when it is mi.xed in the proportion ol from 6-12 per cent, with 
air, the critical percentage and most explosi\ e point being reached 
with a mixture of 9,6 ])er cent, methane with air, 

.Such a diluted mi.xture of gas could never be approached in 
usual oit-fickl operations where ordinary precautions were adopted, 
but nevertheless the simple precaution of arranging a water .seal 
outside boiler houses and points of consumption should never be 
omitted, where there is the possibility of air gaining access to 
the gas mains. 

In those cases where exhausters are in use, and there is the 
po.ssibility of air being drawn into the mains in large ejuantities, 
the additional precaution oi a wire gauze near the mouth of the 
burner .should be taken, a back fin; into the mains being thereby 
impossible unless tlie gauze became overheated or an explosion 
occurred in the furnace chamber of the boiler when lighting up, 
which would cause the flame to leap jiast the gauze. The inter¬ 
position of an explosion valve near the burner saves the main 
from damage. 

The proportion of air and ga; cannot readil)- be ascertained, 
nor can the proportions be automaticall}' regist(;red, and the com¬ 
position of tlic mixture in the gas mains can only be determined 
by a test in an Or.sat apparatus, 01 .some such-like appliance. 

Collection of Natural Gas.—When wells are sunk exclusively 
for gas and no petroleum exists, the gas. when registering a high 
pressure, is usually conducted direct into mains which lead either 
to centres of industry or to large compressors, where it is forced 
under still higher pressure to industrial points. If sand or water 
accompany the gas, .some form of separator should be installed 
to intercept these before admi.ssion to the long distance mains. 
When the pressure has decreased, and the output of gas has 
considerably diminished, an increa.sed yield is obtained by drawing 
the gas from the wells, and in many cases maintaining at the 
mouth-of the well*a partial vacuum. 
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In the great Appalachian gas-fields which have contributed 
so largely to the prosperity of Pennsylvania, the diminishing 
volumes of gas and smaller pressures registered as a result of 
gradual exhaustion have led to the installation of enormous gear- 
driven exhausters and compressors for impelling the gas under 
high pressure to areas of consumption such a.s Pittsburg and 
Cleveland. 

Increased attention is now being displayed towards the em¬ 
ployment of natural gas issuing from oil wells, where till recently 
few attempts had been made to preserve and utilise this valuable 
source of energy in the important oil-fields of the world. 

In the collection of natural gas several important points must 
be considered when the outflow of a number of wells is led under 
natural earth pressure to a single main, otherwise considerable 
losses may result. Whilst the closed pressures of two or more 
wells after an interval of rest for the establishment of equilibrium 
may coincide, the open pressures of the same wells may vary con¬ 
siderably on account of diflercait subterranean conditions which 
retard or favour the movement of gase^. The pressure in an open 
main is fixed by the resistance, and if the flow of gas is such as to 
raise the pressure in the main above the natural earth pressure of 
one or several of the wells, gas will flow from the high pressure 
wells to those indicating a low earth pressure, the total yield being 
diminished instead of augmented by the connection of such wells. 
This phenomenon has been demonstrated by the author by actually 
testing individual wells, and then ascertaining the combined flow 
when coupled up, the results being the reverse of those anticipated 
on account of the absorption of gas from the higher pressure wells 
by the lower. 

A back flow of gas may be (irevented by attaching a check 
valve at each well where the supply is in excess of demand, in order 
to seal up paths of possible loss, but if the whole available supply 
of gas is needed, the mains rflust be sufficiently large to avoid a 
pressure exceeding that of the lowest well jrressure, when no check 
valves will be needed. Where the pressures are very low, a partial 
vacuum is often maintained in the mains by an exhauster, thus 
assuring the maximum yield of gas from any group of wells. 

Collection of Gas from Pumping- ll’ells .—^Vhere wells are 
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operated by means of the deep well pump the collection of gas is a 
simple matter, as it is led away from the side outlets on the casing 
head at the mouth of the well to points of consumption, or drawn 
from thence by exhausters. 

Collection or transportation of gas fro a a gioup of widely 
separated wells is most easily accomplished by installing at each 
well a small reciprocating gas pump operated b)- a rod from the 
walking beam ora connection from (he jcrker line. Jly adjusting 
the stroke of the gas pump, any desiied discharge can be arranged 
according to die volume of gas yielded by the well. 

A large amount of gas alway escapes with t''c oil n pumping 
well.s, and where great economy ot lucl is exerc' ,i d it a practice 
to fix gastank.s at each well into whicli the di.sr'nrge pipe of the 
oil pump flow.s. Gas tanks are simply constructed, and consist of 
cylindrical iron drum'-, into tlie top of which is conducted the 
discharge pijie of the pump and from which a gaspipc emerges. 
The oil, from which the gas separates while di.scharging into the 
tank, collects to a certain height in the tank before its outflow 
commences, and the level of oil is automatically maintained near a 
fixed point above the exit pipe by a float, syphon, or some other 
device which controls the discharge cock. Fig. 143 illustrates a 
useful type of gas tank. 

Where the variations in pressure are not great, a goo.sencck 
connection at the bottom of the tank for the oil outflow is sufficient 
to create a seal and prevent the escape of gas, but if the well is 
liable to “ blow," this method, of course, could not be adopted, as 
the pressure of gas would probably exceed the liquid “head ” of the 
gooseneck, and the oil and gas would be blown out of the tank. 

Wells which make periodical flows from the pump tubes whilst 
being pumped often yield great volumes of gas, which may be 
recovered by the aid of gas tanks fixed in the manner indicated. 

The yield of gas from pumping well.s varies greatly. New wells 
may yield from 40,000-1,cxx 3 ,ooo cub. ft. per day, whilst old wells, 
or those sunk in less prolific fields, may only yield from 5,000- 
20,000 cub. ft. daily. 

Collection of Gas from Bailing and Swabbing Wells .—The 
collection of gas from oil wells which arc being bailed, and con.se- 
quently have a free outlet at tlic surface to the atmosphere, is not 
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such a simple operation as with pumping wells, but nevertheless it 
can be performed if suitable provision is made for sucking the gas 
away. To ensure comparative freedom from air, the gas must be 
drawn from bailing wells some distance from the surface, as the 
alternate ascent and descent of the bailer in the well and the 




I'ig. 143.—Oas Tank or Separator. 


agitation suffered hy the liqiiirl encourages the irregular liberation 
of the gas, making it ncccs.saj-y to allow sufficient “ cubic ” above 
the gas intake to compensate for these fluctuations. 

In completed wells, where no suitable preparation for the 
collection of gas can be made, a tube is inserted through the casings 
as far beneath the surface as possible, and then led to an exhauster 
which draws away the gas; but a better plan i 5 to perforate the 
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last string of casing at a depth of 100-200 ft. below the surface, 
so that the gas can enter the space between the casings and be 
drawn from thence by some form of exhau.ster. If the annular 
space between the casings is sealed at the surface, air could only be 
admitted by being drawn down the central casing of the well from 
the surface. 

As bailing wells invariably exhibit a widely fluctuating yield of 
gas, it is necessary to provide a cock or valve on the suction pipe 
for adjusting the area of the intake, and it is further advisable to 
have an indicator to show if air is being drawn in from the surface. 
A simple method is to direct a minute jet of steam over the mouth 
of the well, when the direction of the flow of gas can be instantly 
observed at any moment by the deflection of the steam. 

If it is im))ortant to collect gas w’ithout any admixture of air, 
the intake must be so adjusted that some gas always issues from 
the mouth of the well; but as there is no objection to a small 
proportion of air for many purposes, the cock can he so adjusted 
that a little air is drawn in also, reducing thereby the loss of gas to 
a minimum. 

The collection of gas from a group of bailing wells not far 
separated from each other can most economical!)' be effected by 
having a common suction main of ample dimensions into which 
the various intakes are led from each well. A partial vacuum is 
maintained in the suction main by some form of e.xhauster, the 
character of which depends upon the volume of gas to be dealt 
with, and the pressure needed on the delivery side. For large 
volumes of gas, with a delivery pressure of only a few inches of 
water, a fan or blower is best adapted, but for smaller volumes of 
gas and a higher deliver)' pressure a Root's blower or reciprocating 
compressor is preferable. Where large volumes of gas have to be 
forced to pressures of several ])ounds per .square inch a turbo¬ 
blower is the best form of exhauster to emjrloy. 

In the design of a large installation by Thompson & Hunter 
to deal with i,00C),cxX) cub. ft. of gas daily, arrangements, were 
made for drawing the gas from the wells by means of an exhaust 
steam turbine, direct coupled to a turbo-blower, through a main 
encirefing the oil property, and delivering under 7 lbs. pressure to 
^ battery of boilers. The maintenance of a constant vacuum was 
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assured automatically by a device by which any rise in the vacuum 
controlled the steam regulator. 

Small turbo-driven fans may with advantage be placed at 
isolated wells for dealing with low jrressures, but usually for the 
extraction of gas from widely separated wells, and its transmission 
to points of use, a small reciprocating comprc.ssor, driven by belting 
from a countershaft or some part of the machinery, may be u.sed 
with advantage. 

Galician wells that are swabbed often have provision arranged 
for drawing off by exhausters the gas that emerges with the nil. 
The mixed product is led into a receiver, above which is a column 
from which the disengaged gas is drawn, 

Wells in the llahu and Grosny oil-fields of Russia, where bailing 
is chiefly practised, give widely lluctuating volumes of gas, but an 
average of the yield of old and new wells would probably not be 
far short of 30,000 cub. ft. daily. New wells often yield not le.s.s 
than 500,000 cub. ft. daily, but wells which have settled down to 
a normal state give usually from 3o,ocx)-6o,ooo cub. ft. daily. . 

The Collection of Cas from Air-Lift 1 Veils .—The gas e.scaping 
from air-lift wells can be conveniently collected in the same way 
as from wells pumped by a deep well pump, but it is necessary 
to ascertain that the gas so collected is not mingled to a dangerous 
degree with air which, especially in the ca.se of intermittent action, 
often finds admission into the well. 

Air-lift discharges vary considerably in composition, accord¬ 
ing to the volume of air used and the character of the oils raised, 
but a highly inflammable mi.xture is nearly always generated as 
a con.sequencc of the intimate as.sociation and agitation of the 
air and oil. Resides the normal gases which always issue from 
oil when freshly drawn from subterranean sources, a proportion 
of other hydrocarbons arc liberated as a result of the fierce agita¬ 
tion which proceeds in the air-column, and a richly carburetted 
air mi.xturc often results. 

In oil-fields where the oils are light the carburetted mixture 
from air-lift plants may be led direct to the boiler furnaces after 
being directed through a tank where the oil can separate, but 
there is considerable danger that moments may exist when the 
proportions of air and gas reach an explosive limit. 
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The author had brought to his notice an explosion which 
originated in this way and caused considerable damage, although 
the system had been in successful tiperation for several months 
without an accident, no one having apparently realised the danger 
that existed, as no water seal had even been interposed in the 
delivery gas mains. 

Carburetted air can me -e safely be used by admitting the 
mixture to large mains conveying pure gas in considerable quanti¬ 
ties, the percentage of air ne\cr then approaching dangerous pro¬ 
portions. 

Unless the output from air-lift wells is intelligently directed to 
use there are great risks of an explosion, and no attempts .should 
be made in that direction without qualified assistance. 

Measurement of Flow of Gas. —The yield of gas wells can 
be measured by ascertaining the pressure at which the gas issuc^ 
through a circular orifice of known area and calculating the 
velocity therefrom. When high gas pressures are registered in 
an open tube, an ordinary pressure gauge may be attached to a 
length of bent tubing, the open end of which can be held vertically 
over the mouth of the well; but for low pressures an ordinary 
U tube or water gauge can be anplied in the same way, and the 
pressure read off in inches of water or other fluid in.serted in the 
U tube. 

In general practice a modified form of water gauge is often 
used, known as the Pitot gauge, tube, or instrument, which is 
not only applicable to ^as yields from open orifices, but also for 
ascertaining the velocity of gas in mains. 

The Pitot tube is an instrument for determining the velocity 
of a current of liquid or ga.s flowing either in an enclosed tube 
or open duct, or discharging into the atmosphere. 

It is composed of a bent tube with an orifice directly opposing 
the direction of flow, and also a side orifice to equalise any differ¬ 
ence of pressure due to static head.' It is attached by a piece 
of flexible tubing to a U gauge or other type of pressure gauge, 
and there registers the difference of pressure due to velocity 
head. 

The liquid used in the U gauge may be either water, kerosene, 
alcohol* or mercury, according to the amount of pressure to be 
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measured, or in the usual spiral of a Bourdon pressure gauge for 
high pressures above, say, one atmosphere, when the dimen¬ 
sions of a U gauge with mercury would become inconveniently 
large. 

The formula for the measurement of gas flowing from an open 
orifice, such as the mouth of a well casing, can be expressed as 
follows ;— 

If /t inches represent the height of a column of gas of specific 
gravity s (air=r), equivalent to a displacement /d inches of liquid 
of specific gravity .d in the legs of the U gauge. 

Then //it'.s-= or h~ X x/d inches, where w is the 

weight of 1 cub. ft. of air, and n’* that of l cub. ft. of water. 

Assuming the truth of the formula for the velocity of a liquid 
issuing from an orifice due to head h, v- — 2gh, and inserting the 
value of h found above, we get the velocity— 



/d 

12 


feet per second. 


Careful experiments have been made for testing the truth of 
this formula, apjilied to the practical!)' frictionless orifice of a I’itot 
tube, and it has been proved correct. 

Having obtained the velocity, all that is required is to multiply 
it by the cross-.sectional area of the pipe in .square feet to obtain 
the volumetric discharge in cubic feet per second. 

There are some practical considerations in the use of the I’itot 
tube which must be attended to in order to obtain reliable and 


consistent results. 

h'ir.stly, the mouth of the opening to which the tube is applied 
must be even, .so as to avoid creating eddy currents due to uneven 
area of discharge, and for this purpo.se the length of the portion of 
the pipe to twenty times its diameter .should be free from bend.s, 
joints, U pieces, and other connections which tend to create eddy 
currents, that is to say, the pijA: should be straight, smooth, and its 
mouth should be free from burrs. 

Secondly, should the area of the pipe be large for the quantity 
of gas passing, so as to prevent a reading of a velocity pressure, ii 
should be reduced until a convenient size has been reached to give 
an accurate reading. 
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Thirdly, measurements of flow taken at atmospheric pressure 
must be free from “adiabatic” flow in the tube, whereby the 
pressure at the mouth of the tube is coiisitleiably above atmos¬ 
pheric pressure. . c tube should be placed at the mouth of the 
orifice, and not in it lor away from it. Readings on the U gauge 
are generally small, id it is convenient to use kero.scne as the 
liquid, as it is ligditci than water and offer.'. lc.s.s resistance to 
friction on the .sides of the glass. 

A formula ana!y:-cd, given in Ihillctin SS of the Riircau of 
Mines, W’ashington, is as under:— 


(2 — 577.R*J^ 




Wll 

weight of cub. ft. air 


X so, 


if gas. 


Where O —quantity of gas in cubic feel per iniuute. 

A =area of g.is main in sipiure feet. 

W’ .- weiglit of water in lbs. per cubic inch. 

II—velocity licad in inches of water. 

A formula decised b\ Mr .\. .\. .Xshwotih that has given trust 
worthy results in prtictice is:— 


V - yu 


/l>'\ 

I . X S ■ 


Where V = volume in cubic feet per hour. 

D = diameter of pi])e in inches 
.S=densiU' of gas comjiarcd witli that of air. 

/>, - absolute pressure of gas at inlet in lbs. 
/^--absolute ]rressure of gas at outlet in lbs. 
L=;lenglii of pipe in miles. 

The constant 29 i.s low for cle.tn new pipes, wliere it might be 
raised to 33 in some eases. 

The measured quantities should be increased by a suitable 
percentage to allow for air before proceeding to calculate sizes of 
mains. * 

Having determined approximately the daily output of gas from 
the group of wells, calculations must be made for selecting the 
proper diameter of suction main. The loss in friction for air *or 
gas along a wrought-iron pipe can be taker, at i velocity head per 
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every 32 diameters of pipe, the velocity head h behig equivalent 
to —. Thus the friction loss in a pipe I feet long and d inches in 
I 12 

diameter is y.hxs, tvhcre j is the specific gravity of the 


gas (air= i). 

To reduce this to inches of water pressure it is necessary to 
divide by 68, since 68 ft. represents the column of air at atmos¬ 
pheric pressure and 6o' F. corresponds to one inch of water pressure, 
and we get the friction loss— 


I 13 T- , 

X , X - X inches of water. 
32 a 2?- 68 


The maximum suction to be maintained in the main to over¬ 
come friction, as calculated above, should be increased by a few 
inches of water to create flow at the well. 

Such calculations as the above are useful in deciding one upon 
the type of machine to employ. Exhausters cannot maintain a 
very high suction, but can handle large volumes delivering at 
low pressure. Reciprocating pumps and compressors maintain 
a very high vacuum on the suction side, which increases the 
velocity of flow, but requires greater power. This higher vacuum 
renders the use of large suction pipe.i less necessary, but often 
on oil properties there arc to be found many lengths of old or 
damaged casing of large size, which may very well be used for 
gas suction mains, so that the cost of outlay in piping does not 
enter into account to such a degree, and it is then a problem of 
economising in power for the compressor' or exhauster. The 
frictional resistance in the discharge main of an e.xhauster or 
compressor is generally provided for by the formula— 

^=.-,y(J^xo.o7, 

where d is the diameter of the main in inchc.s, O the cubic feet 
of gas per hour pa.s.sing, I the length of main in yards, and p the 
pres.sure in the main in inches of water. 

Table XVII. shows the flow of gas in cubic feet a day from 
pipes of various diameters between i in. and 6 in. diameter 
under different pressures. The volume of gas is calculated at 
32° F., and the specific gravity is taken at 0.6,'air being uin’ty. 

37 



-Sized Orifices. 


578 


Oil-Field Development 





Discharge from Orifices 57 !) 


) oo O 

> vr» O N 

I— ^ ^ 


) u-\ c< 1-n vr> 

n N 00 O 0 

4 00 rO CN 


vr» fO OOO 
O 'O N PO 

tC rCoo’'c<r c> 


« •- f) D f-1 rj ri 


*- tv >rsoO 
ir> M fv tv 
(> 0^ -t -t fO 

'^co' o' r-T ■»? 

ri n rn cO ro 


N H- fj oO ro 

»r\ r» 0^ 

CO u -\00 O' 

»A rCco* o" 

CO cO c>“) CO 


-TO CO 0 M 
^ -t -T mO 
OC n \D q -T 
—rl ff ro ro 


Jv P-« fO 'n O' 
-T I - '■'“i tv m 
— r'~,CO CO OO 



5 so -T O' O' 

I 00 ^ tv O' 

> N O O' CJ 
r\\0 \0 \0 tv tv I-Zod^od^oo 






>■ tv tv «n 
O CO CO fj O 
O »JMv O' <- 



■*T cnoo 'O 



o 


00‘ TTO d rd 
CO 0 •'» O' 
tv o '5 - 


CO O CO ri CO 
CO fn -to ro 
O' too O' r> 


O to CO CO T? 


^ -f 


\D tv tv CO X 


CO O' O' O' O 


O 

rf J= 


rd 


o 

tfl 


rt 

00 


■s ° 


5 f. 

00 00 


3 IN — -T -T 

0 tv-O ”T r» 
*■ vr*-.© tvOO 


88888 88888 
6 -T Iv o O 0 -« I-O o rt 


in O' 'nx n 
O' in n CO u' 

00 O' 0 0 ►- 


'•n tv Q -T 
<0 O ^ 

N CO LT* t-xX 


"-■“NCtrt CtCtCtfMM 



-T tv - O' O' 
O' X c - 
O' " fO\£' 00 



«J1 tvX X O 
O' -rx M i-^ 

o — PJ Tt in 


pi'rdrdfdcd 




■C-TuT — \0 

OX I'OX rt o 0 CO tv— 
yeoO'O'O — M 


8 8 8 8 8 8 


PO u-\ vnx »A 

tv pj pt o q 

M ro ^ «Ji \0 


rO — OX 
X m Q r^ -T 
vO tv O' 0 •- 


I 


fv. M m O 
-T rO - O' Ln 
Pt to Tj- in 


M M P4 P4 


Pt Pt CC CC PC 



58 R 88 

5 0 N p< 

3 PO xrwQ 0 

V O' “ 1^ »n 

0 ro n 

0 0 0 0 q 

vn tT IN HH 0 
tvX O' 0 
»d in IN^cd 

tvx 0 TC '■0 
^ 10 1/% vn 

0 0 0 q 0 

tv r.- ^ q in 
O' N fO 0 • 1 “' 
m O' CO in CO 

0 00 CO tv — 
m m'O 'O tv 

0 0 0 0 0 
vn in mX P^ 

0 PO — — X 
X*" O' in pT 
-T tv IT 0 in 
tv tvX O' O' 

0 q q 0 q 

X 0 q X d 

■0 tv 6 x^io^ 
cd scT pT tv 
^ PO tv 0 PO 

O' 0 ^ 0 ^ 

^ 0 '■c^ 0 

0 ^ i.n vn 

0 0 0 
00 fv tv od 

00000 

O' 0 -T'd 

q 0 0 0 0 

od d ^ o' in 

►-> r^ pt PO PO 

q q q q q 
d in d ^ d 

rj- ^ in 

A 

* 0 . . . 

: : : : • 

»•••>• 1 


■ : : : : 

'vutfod d » 

0 *• CO imO 

CN Pt Pt P* N 

pi c*S vA'd 

0 PO 00 PO 

<0 PO PO ^ m 

od 0‘ -rod pi 
►H M N Pt CO 

Q 0 « q 0 

sO 'O X 0 1^ 
NO d d - 

PO vn^ IS, 

_1 _ 



Should 98 per cent, alcohol be used in gauge, multiply the readings by 0.8 to reduce to water value. 

Should .75 specific gravity kerosene be used m gauge, multiply the readings by .75 to reduce to water value. 
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Corrections for other densities or temperatures of gas can be 
made as indicated. 

The yield of gas wells can be approximately estimated from 
the capacity of the bore hole in cubic feet, and noting the increase 
in pre.ssurc in one minute after the outflow is closed. 

0= X X 6o, or Q = 

4 X 1 44 15 46 

Q = cubic feet of gas per hour into atmosphere. 

^f=diameter of well in inches. 

L = depth of well in feet. 

j^ = pressurc in lbs. shown in gauge one minute after closing 
valve, less any pressure which may have been indi¬ 
cated before closing valve. 

If the discharge is needed at any other pressure than that 
of the atmosphere, the increase of pressure is noted during the 
minute after the desired pressure has been reached. 

There is always a perceptible, and frequently a considerable 
decrease in the yield of gas from nil wells when bailing or pumping 
is suspended, and in the case of bailing wells, where measurements 
of output can only be made on a cessation of bailing, the measured 
flow is often far below the actual normal yield. In such estima¬ 
tions, therefore, one can always consider the measured results to 
constitute a minimum. 

The normal flow of gas from ordinary bailing and |5umping 
wells is so small that no pressure is recorded on a common water 
gauge, and the arc;i, of orifice must be decreased until a head 
can be read. In wells lined with screwed casing this end can be 
besf achieved by introducing into the well a tube about 10 ft. 
long, to which is attached a disc flange near the upper end, beneath 
which a piece of insertion is placed to make a tight joint between 
the casing collar and the flange. If no pre.ssurc is then recorded 
a smaller tube may be inserted inside the latter. 

In the case of wells of large'diameter, where often riveted 
casing is used, and there is an escape of gas through fauhy joints 
near the surface when the pressure rises, it is necessary to lower 
a disc on the tube some distance down the well to avoid the 
leakages which^are sure to take place where the casing is not 
encircled by earth. A gas-tight joint may be made above the 
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disc by covering it first with cotton waste, and then sand and clay 
until no escape of gas occurs. 

Combustion of Natural Gas.— Where natural gas exists under 
considerable pressure, and it is led direct to centres of utility, 
the pre.ssure is automatically reduced from the main to from 
3-6 in. of water before admission to the distributing mains for 
general supplies. Where, however, the gas is led direct from gas 
wells under a prcs.sure of many Ib.s. per square inch to power 
houses, it is often burnt direct in the boiler without the use of 
any form of burner, or the provision of any special furnace front,, 
the natural force of the gas inducing sufficient draught of air to 
the burner to readily support combustion. Where the gas pressure 
does not exceed a few ounces per square inch some form of 
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burner is necessary, whereby the gas and air are intimately com¬ 
mingled and the mixture burns as in an ordinary liiinscn burner. 
Fig. 144 shows a po|)ular form of American low pressure gas 
burner which posses.ses all the main qualities demanded to .secure 
perfect combustion of the gas. The gas is admitted from an 
annular chamber to the internal portion of the burner through 
numerous small orifices arranged spirally and at an angle, so 
that the gas issues at an angle and is given a swirling motion, 
and becomes intimately commingled with the air induced through 
the burner. The correct amornt of air is secured by adjustment 
of a door on the burner front, and the gas supply is regulated 
by the gas cocks. In the burner illustrated there are three rings 
of holes of different sizes, each connected with an independent 
cock, so that gas with pressures of an ounce to lo or 12 ounces 
of water can be economically burnt. The holts on the front 
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circle are J-in. diameter for pressures between 4 and 8 ounces 
of water, the second circle arc j'V fof pressures below 4 ounces, 
and the third are /j-in. holes for pressures above 8 ounces. By 
opening all the cocks full the burner will give its full power with 
I ounce of pressure, and by’ using a steam jet gas can be drawn 
into the burner. 

Where it i.s not desirable to place any back pressure on the 
wells, the gas is often exhausted slightly by a steam injector, 
which also induces the necessary draught of air to produce com¬ 
bustion. 

A gas burner designed to deal with low pressure gas is the 
“Hunter,” illustrated in i'ig. 145. A partial vacuum is caused at 
the nozzle by a jet ol steam that ncjt only accelerates the flow of 
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gas, but induces an inrii.sh of air to support condrustion. By 
means of vanes the air and gas are giviai a swirling movement 
that aids rajrirl and effective combustion tvheii both are adjusted 
to admit the correct piopurticinc. 

With a steam pressure of 60 lbs. it is possible to produce a 
vacuum of i lb. sufficient to overcome the fi iction of a considerable 
length of iriping, thus enabling gas to be drawn from wells where 
not placed too far away. 

There is an erroneous impression prevalent in .some oil-fields 
that gas alone without steam acts injuriously on boilers; also that 
pressure alone will not cause effective combu.stion. Where there is 
a pres.sure of only 12 in. of water, .943 lb. per square inch, complete 
combustion i.s possible with the aid of nothing more than a flattened’ 
piece of piping as a burner. So transparent is the flame at times 
tha^ but for the incandescent state of the furnace lining, it would be 
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impossible to say from an observation of the fire-box whether the 
boiler was under fire. 

The theoretical amount of air required for the combu.stion of 
gas can be calculated from its analysis, in the same way as oil 
has been treated in Chapter XI. Assuming a gas of .650 density 
(compared with air) to contain 78 per cent, by weight of carbon 
and 22 per cent, of hydrogen, the air required for combu.stion would 
be 16.4 lbs., or 220 cub. ft. jjer lb. of gas. The volume of i lb. of the 

gas would be = 20 cub. ft., consequently 

air, would be required per cubic foot of gas for complete com¬ 
bustion. 

Gas-Gasoline Extraction. —The high commercial value 
a.ssigned to oils of light density, vaporising almost entirel)' below 
a temperature of 150" C., has fostered the e.xtraction of light 
hydrocarbons that usually accompany most oil-field ga.ses, and 
especially those associated with light gravity oils. Those ga.ses, 
mainl)' composed of methane, whose critical temperatures pre¬ 
clude their commercial licjuefaction, art generally known as “dry,” 
whilst others which yield from 1-4 gals, of liquid per 1,000 cub. ft. 
of gas under pressures of from 50-500 lbs. per square inch are 
referred to as “ wet," for the purpose of classification. 1 here is no 
line of distinction between the two, and the term admits of no 
scientific definition, as man)' gases commercially “ dry ” do yield 
some condensates at certain temperatures and pressures. 

Investigations have shown that the chief ga.seous products 
which condense under moderate pressure and practicable reduc¬ 
tion of temperature are of the paraffin series ; indeed, normal 
pentane ((.'.llij), he.xane (C,;H,j), and heptane (C\Hic); but 
even the.se have vapour tensions at atmospheric pressure that 
prevent their commercial use in practice unless absorbed by 
heavier and more stable hydrocarbons, hor the commercial e.x- 
traction of liquid hydrocarbons it is necessar)' that there should be 
a fair percentage of products who.se vapour tension does not cause 
their entire evaporation when briefly exposed to the atmosphere. 
Experience has shown that there is no need to “ weather the 
“wild” liquids to secure reasonable stabilitv', as intimate admi.xture 
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with oils of heavier density leads to their partial absorption and 
retention in a way that gives the gasoline a low flash point, but 
yet does not cause excessive pressures in receptacles. 

The process is exceedingly simple in principle, but in practice 
there are numerous points requiring skill, judgment, and experi¬ 
ence if success is to be achieved. The gas is usually cpmpressed 
in a compound compressor with intervening coolers to a pre.s.sure 
of from 200-350 lbs. per square inch, or .sometimes only 
50 lbs. per .square inch in a single compres.sor, and the product 
is led into a condenser or refrigerator from which the liquefied 
products are drawn. An excccdingl)' low temperature may be 
attained by allowing the dry gas to expand in a vessel through 
which the compressed gas is conducted in its passage to gas 
mains or to the atmospliere. Gas engines using the treated gas 
are generally employed for operating the plant, so that, apart 
from initial capital cost, running expenses are low when gas 
is cheap. 

So man}’ failures re.sultcd from the installation of gas-ga.soline 
plants that the United States Bureau of Mines was induced to 
study the problem, and the painstaking investigations of Messrs 
Russell, Gilbert, Oberfelt, and others have served to elucidate 
many difficulties, and to standardise test.” that were previousl}’ 
ver}’ imperfect and misleading. 

Gas compositions were usually estimated from volumetric 
measurements of burnt g.ise: in a eudiometer, but this was quite 
un.suitable for the morg accurate analysis required of ga.ses ta be 
treated for condensible products. The Bureau of Mines has 
now recommended the titration of gases with claroline oil, which 
has the power of absorbing paraffins, especially those fractions 
higher in the .series, con.sequently the volume dis.solved gives .some 
clue to the adaptability of natural gas for gasoline treatment. 
The Bureau of Mines affirms that methane (CH^) is soluble to 
the extent of 10 per cent., and pure ethane to the extent of 
68.5 per cent, in claroline oil of .8667 sp. gr. at 15° C.; flash 
point, 152° C. (Pensky-Martens test). 

Isolation of the hydrocarbons constituting natural gas was 
effected by the Bureau of Mines by distillation at low temperatures. 
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the gas being first liquefied by means of liquid air, and then 
separated by distillation in vacuo at various temperatures. A 
gasoline-yielding gas tested in this way gave—* 


Methane 

36.8 per cent. 

Ethane 


Propane 

-1 0 I. 

Uutane 

1 

Pentane 

U .5 

Hexane, etc. 

- J 


Gas may be tested for specific gravity, a heavy density sug¬ 
gesting a fair proportion of the denser, higher paraffins, but this is 
not a sufficient guide to its constituents, as nitrogen and carbon 
dioxide mat' be present and confuse deductions. The best way of 
ascertaining the value of natural gas for gasoline extraction is to 
make an actual test with a portable plant. Ga.ses used in the 
United States for treatment have a density exceeding l.oo and a 
solubility in alcohol or claroline oil of 50-80 ] 5 er cent. 

Natural gas escaping under high pressure is less rich in con¬ 
densible products than gases flowing under atmospheric pressure, 
or more often a partial vacuum, although at times considerable 
quantities of oil vapours are carried by the gas and condense in 
mains. Wells subjected to a pressure below that of the atmosphere 
yield the richest gases, due to the release of hydrocarbons that 
would otherwise remain in the oil in a liquid dissolved state, 
and which would often be lost in the operations of pumping, 
transporting, and storing the crude. 

\Vilhout an exact anal)’si.s of the gas or an actual test it is 
impossible to approximately foretell the quantity of liquid that 
can be abstracted from a gas, nor can the pressure required be 
safely estimated. If the condensate were one product only, say 
pentane mixed with a definite proportion of methane, it would be 
possible to fix the quantitv' of condensate and the pressure re¬ 
quired. In a ini.xture of 10 per cent, pentane and 90 per cent. 

methane b)' volume a pressure of * — 1 iS lbs. would be necessary 

to produce condensation at 30' C., taking the vapour pressure of 

' *‘The Condensation of Gasoline from Natural (.as,” by Messrs llurrell, 
Seibert, and Oberfell. Hiireau of Mines, Washington, United -States, 
America. 
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pentane at 30' C as iiiS lbs. per square inch. The volume 
liquid obtained per i,ocx 3 cub. ft. ^^as would be - j—=3,- 

“gals., assuming i gal. of pentane yields 31 cub. ft. gas at 0° ( 
With -mixed gases it is impossible to dctei mine the jire.ssure neede 
to condense a de 6 nitc ereentage volume. 

Complicated issues result from the working of compres.so 
plants. Increased jirc-ssures ma)’ effect enhanced yields of con 
densates, but the e.vfra I’o/nme m;iy he of the “wild nature anc 
' useless for all practical jairposcs owing to its volatility and con¬ 
sequent loss iinmedi.ately it is placed under atmospheric pressures. 
Not merclv is the lighter material lost, but ii its escape other 
heavier and commercially valuable products in.iy be carried away 
too. Against this must be placed the ascertained property of .some 
condensates to carry in solution large quantities of methane and 
ethane which arc found in subsetjuent analyses of the gasolines. 
The American Bureau of Mines refers to plants where about 
35 cub. ft. of gas disappear per gallon of condensate, but in other 
cases 50 per cent, and more of the gas disappears without in¬ 
creased quantities of condensate. 

The exact state of gases dissolved in liquids is not understood. 
It is thought that they occupy .some intermediate stage between 
gases and liquids, as it is difficult to consider them in a liquid condi¬ 
tion when their critical temperatuie is not readied. Reduction'of 
temperature enables liquids to absorb a larger volume of gas, which 
excess, however, is expelled again on elevation of temperature. 
Then again, certain di.s\ill,ates absorb larger volumes of gases ^Ban 
others, and this subject has been little investigated as yet. 

Ga.soline plants must be operated to suit individual require- 
mmts. Less pre.ssures are needed to jiroducc tlie main stable 
products that are derived wlien tlierc arc no large quantities 
of refining distillate.s witli wliich to mix the produced material. 
On the other hand, intimate admixture of light condensates with 
large volumes of benzine distillates may lead to their entire 
absorption and retention. Tlie “weathering” of products too 
light to have any but the most restricted uses is a very wasteful 
operation, and in practice te.sts .slioiild lie run to arrive at reduced 



,wprKmg fpresslircs, ana ?.0R5cquentiy cneaper plants, to obtain 
the iflesircd product direct. ' ' 

Usual gasoline condensatc.s vary in densit)’ from '8o°-95° B. 
(.669-'620 sp. gr.), but the los.ses sustained by brief exposure to 
the atmosphere are considerable, often 30-50 per cent, within a 
few hours. Mixed with refinery distillates the losses are greatly 
reduced. Valuable tables (jf evaporation losses of condensates, 
and condensates mi.xcd with, various proportions of distillates, are 
given in Bulletin 8S of the United States Bureau of Mines already- 
referred to. 

The groat demand for refinery distillates that could be used 
for the absiir[)tion ol the products of gas-gasoline plants was 
responsible for the big ri<e in the value of American heavy benzines 
in 1915-16. 

Refrigeration without the aid of compression has been intro¬ 
duced for the tre.atment of natural gases with some success, 
but no figures of relative co-,t are available, and it is doubtful 
whether such is coiTinicTcialK' possible except when the gas is 
very rich, possibly from wells under lov, pressure. 

Ob\ iously the temperature of the sup|)lied gas influences the 
output ol a plant considerably, and when gas is led in surface 
mains e.xi-io.sed to the heat of the sun the diminished weight 
considerably impairs the capacity of the ])lant during the hours 
of daylight. .A risi; of temperature of 50" ('. of the gas would 
in itself represent .'ni l .S per cent, decreast'd c;i|)acity of the |ilant. 
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COMPILATION OF STATISTICAL RECOlt^^ 

Slatistical liecords—Drilling Records—I'roduction Record^ 

Statistical Records. —I’ctrolcum operators should not fail to |()sik 
upon the compilation of detailed records of their operations. 
Unless clear statistical data arc regularly collected and preserved, 
any reorganisations of the staff may lead to erroneous assurhptiorus 
by new men, and in consequence grave misdirection of expenditure. 
The character of the collected information must naturally,vary in 
different oil-fields where the conditions bear little resemblance, Isut 
in all oil-fields accurate logs of the wells, such as described tm 
p. 317, and details of production and fuel consumption, should be 
demanded. 

Drilling Records. —By skilful application of the data collected 
from a series of carefully compiled well logs in territories where 
there is a close resemblance of the geological conditions over the 
area of operations, it is possible to predict, with close approximation, 
the rate of drilling at various depths, the amount and size of casifig 
required for lining the well, and the total cost of the well. 

In analysing drilling returns it is first advisable to tabulate the 
data under convenient Headings somewhat as follows :— *' 
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Where different sections of the field disclose distinct features 
such as increased average depth, especial difficulties due to the 
need for water exclusion methods, etc., these should be tabulated 
under different heading.s. From the above data the average time 
required to drill wells to an average depth is computed, and the 
average speed of drilling per diem i.s found. In extracting the 
above data from the logs, delays due to exceptional and non¬ 
recurring causes quite independent of drilling difficulties should be 
eliminated, consequently it i.s advisable to have another column 
giving either working or drilling days. Applying the assumed 
data in preceding table it will be ascertained that the time required 
to drill average wells to a depth of 1,526 ft. will be 59.6 days, a 
footage of 26.cS ft. per diem, consequently each drilling rig in 
constant operation should be able to drill 9,800 ft., or 6.4 wells 
annually. 

In many fields, wells are carried to an increased or decreased 
depth according to their distance from the cre.st of an anticline or 
their position with relation to surface contours. In other cases, 
wells are drilled to different oil horizons, consequently it is some¬ 
times advisable to tabulate the well data under headings, say, wells 
to 500 ft, 500-1,000 ft, 1,000-1,500 ft, and 1,500-2,000 ft 

Interesting and instructive information will be afforded by 
comparisons of speed of drilling at different depths. With 
increased depth there is naturally decreased speed under ordinary 
circumstances, and b)’ calculating the average daily rate of drilling 
at intervals of, say, 250 ft., it is po,ssible to plot a curve representing 
the rate of drilling at any given depth, as in Fig. 148. 

On such a diagram may be inserted a number of wells dis¬ 
tinguished by some conventional colouring or distinctive method 
of drawing the curve, or a single line may be left showing average 
data. 

Sudden accelerations or diminutions of speed repre.sented by 
depressions or elevations of the curve w'ithin certain limits of 
depth will often be observed, and their presence will be traced to 
such causes as delays in exclusion of water, under-reaming, lowering 
long strings of casing, specially hard or caving horizons. Occasion¬ 
ally increased drilling speeds are noted in depth due to variations 
in the nature of the strata or reduced diameter of drilling bit. 
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Casing used for lining wells may be analysed in the same way 
as the drilling, and its worth to an oil-field manager will at once bg 
appreciated. From such statistics he \vill be able to forecast the 
amount of casing required for temporary u.se and for permanent 
insertion in his wells, and .so be able to make reliable estimates and 
prepare trustworthy indent.s long before the material is needed. 
Data concerning casing may be conveniently tabulated as below;— 



For purposes of distinction and comparison casing statistics 
may be applied to grtfaps of wells of appro.ximatcly the same 
depth. 

The relationship of production to drilling effort may be diagram- 
matically expressed in a form (see Fig. 146), months or years 
being used according to whether the property lies in a quick 
drilling or slow drilling territory. The diagram attached is based 
on actual results in an important oil-field, the relationship being 
correct although the figures arc hypothetical. 

Drilling progress can be conveniently exhibited and compare^ 
at a glance by a diagram such as illustrated in Fig. 147. ^11 
wells within the same area are plotted in several colours to ayc^ 
p9ssible confusion arising from two or more lines intersecting, such 




















ts may at'-poes, tarougn.roe varying raic oi spwus m 

lifiiii«nt wells. Thi* diagram is especially valuable as all the main 
eaVures of each well are diagrammatically represented. The addi* 
ion of a few explanatory notes when curves acquire flattened Or 
lorizontal courses for unusual periods gives the diagram additional 
value. A few conventional marks may be arranged to indicate 
the existence of oil or water sands ahd the depth of each 


shoe. j 

Deepened wells are recogni.sed by their starting point. 

Analyses of drilling returns, for the purpose of ascertaining an. 
index of work, must eliminate holidays and time occupied in many 
subsidiary duties that can, perhaps, never be avoided in practice, 
but nevertheless constitute no inconsiderable percentage of the 
time occupied on the well. Time should be expressed in working 
days, and the.se latter subdivided into drilling days, if the actual 
drilling speeds arc wanted, quite irrespective of time occupied in 
lowering columns of casing, excluding water, trial bailing, fishing 
for lost tools, etc. 

Obviously the return of 150 ft. for a month’s drilling is no 
index of the possible rate of drilling if 10-15 days have been 
spent in fishing operations or on some quite subsidiary non-recurreut 
operation ; consequently comparisons on a drilling-day basis are 
frequent, but the extent and cause of delays is always chronicled 
in the log, thereby enabling an analysis of these to be made if they 
assume unusual or alarming proportions. More than mere academic 
interest attaches to the analysis of the various operations of drilling 
if a trustworthy attendant can be inducedr to submit to the task 
of detailing the time spent on each. Thu-s in similar territory there 
is a close and ascertainable relationship between the time spent in 
drilling, cleaning, freeing and manipulating casing, etc., which if 
separated attracts the attention of the management to points that 
might otherwise escape notice. The use of electrical power is of 
great service in this respect, as the various duties can be recognised 
on.a power diagram recorded by a watt meter intercepting the 


cunent to an electric motor. , . ,-a- 

The proportionate distribution of cost of wells in different 
iil-fields varies considerably, as will be seen from the compiled list 
' below, prepared from a few typical wells in the fields under which 
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they appear. The figures must not be regarded as average ex¬ 
amples though typical in the oil-fields named, but they are selected 
to illustrate the wide differences that exist. Other systems of 
drilling than those specified may give quite different results. Com¬ 
parisons of such far-separated fields serve only to satisfy curiosity, 
as cost of materials, value of labour and fuel, and conditions of 
work often bear but a remote relationship to one another. 




Pcrcentag*: Distrihtilian of Cost of Representative 



Nature of ExpemJitiiic 
Incurred. 

Ru 

sia. 

Roiiniania. 

GaUcia. 

llurma. 

'I'rinidad. 

I’eru. 

!c.difornia. 

. 

iUki:. 

Grosny. 






1 

Labour 

36. s 

17.9 

12.2 

38.1 

,! 3-3 

21.2 

21.3 

18.1 

Casing 

42.2 

51.6 

76,0 

42.0 

44-5 

oj-S 

‘ 45.5 

' 44-4 

Fuel • 

8.4 

10.5 

4-9 

14.6 

,5.6 

S-.i 

14.8 

1 2.5 

Materials * -1 

Stores & Sundries | 

12.b 

20.0 

6.S 

.5.3 

16.6 

9-7 

18.4 

35.0 

- - - 



Cunadiaii 

Canadian 




;- 

Drilling System • 

F'rcclall 


•cable and 

rods and 

Cai.Ie 


('able 

^ table 


- ^ 

rods 

wire line 


-_ 


__ 

Depth of well in ft. 

1,800 


, 1.500 

4,000 

2,000 

1,200 

1,250 

2,500 

Total cost in £ • 

i.' 9 .,SOO 

.£7.800 

/,' 2.940 

Z' 7 , 5 So 

/12.400 

/9S0 

/440 

.£4.930 

Total cost in $ 


•¥37.400 

1 .'#14,200 

.'#36,200 

1,500 

¥4,700 

1 ¥2,1111 

($23,700 

Cost per foot in 









Shillings 

'05/ 

,Si/ 

39/ 


24/ 

16/ 

7/ 

1 39/6 

Cost per fool in # 

#25.2 

•'i^I 2.2 

, ¥ 9-4 

#9.0 

¥5.7,5 

¥.!-9 

1 .¥l.6S 
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Production Records.—Daily production slalemcnls are impera¬ 
tive on all properties, but the form they partake must necessarily 
be dependent upon local circumstances which vary .so much. The 
output of small producing wells is generally grouped and measured 
in a common tank, but where possible the yields of groups of wells 
should be measured before admitting the oil to the main storage, 
otherwise the source and cause of a diminished production is 
difficult to discover. 

Wherever possible the yield of individual wells should bf 
measured or approximately estimated daily, and it usually pays 
to arrange for this or properties where the normal daily yield per ■ 
well exceeds two or three tons. 

Daily returns should be prepared on some such form as the 
folldwing;— 




I'lMl \1.I11. 









If^RM FOR dkoup Pumping of Wells. 


Section. 

Number of 

Production 

Fuel 

Krmakks. y 1 

N B.—State here cause and duration of any ' 

Prod. Wells. 

in. 

Consumption. 

delays, or cause of any diminiNhed yield, < 





or other data of note. 



1 


' 


I Total- 


P'ORM FOR SiNGI.E WELL MEASUREMENTS. 


Well. I Section. 


Production 
in ... 


Total - 




Fuel 
Consuinption. 


Kkmarks. 

N.B. - State here cause and duration of any 
delay:., and describe any peculiarities 
exhibited by the Well. 


--Wit' 


■ Monthly production returns should be more detailed, and l^ng 
all information to date somewhat as shown on attached form ; 
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Abandoned 

Typical Monthly Production Statement. _- 








NOII 


I'l.An. XI.IV. 
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SimKN vN^KY i*''I'1. M 1^'*'' 
m.mihs fi-ni llu' uiil ihu e .niiMnic-I 


I /,> f.h,' fx'' yu 






' The attached table gives at a glance all the essential details, 
and enables one to closely compare the relative merits of each 
well, or group of wells, from month to month to the time^f its 
or their exhaustion or abandonment. 

Detailed analyses of the production may be made, and the 
average production per well calculated in total or pumping days, 
and inserted if considered desirable. Keprc.scnted diagram- 
matically, the daily or monthly productions of wells or groups of 
wells very' distinctly show variations and diminutions of yield. 
Diagrams may be prepared as Fig. i 49 i each well curve being plotted 
in some distinctive colour or form of lining. 

Productions may be traced from a common origin if thought 
advisable when only the number of months in production appear, 
and a comparison of the yields of wells at equivalent periods of 
their career may be ob.servcd at a glance (see Pig. 150). 

Periodical, temporary, but often substantial decreases or aug¬ 
mentations of yields will generally be found to be due to sudden 
inrushes of sand, where this is a feature, causing first the exclusion 
and later the freer admi.ssion of oil, but frequently causing temporary 
delays in its extraction. In many fields this irregularity of yield is 
observed, obstructions of various kinds impeding the free inlet of 
the oil for a time. 

For purposes of estimating future productions based on a fixed 
programme of drilling, it is necessary to take the average diminu¬ 
tion of yield each year, and apply this to new and old wells; thus 
from data collected over a [leriod of years it maj' be found that 
wells yield on an average 30,000 barrels, distributed as follows 

First year - - - - ■ 45 I'cr cent. - 13,500 Parrels. 

Second year - ■ ■ ■ ^2 „ 6,600 „ 

Third year.'3 „ 3,9°° „ 

Fourth year.m „ 3,000 „ 

Fifth year, ei seq .- - - -10 „ 3, 000 „ 


In fields where there is no undue congestion or competitive 
drilling on small areas it is possible from these data to approxi¬ 
mately predict the production of any year ahead if the drilling 
effort is fixed, thus at any date there may be 


if wells between 3 and 4 years old yielding at 
20 „ „ 2 I, 3 „ ” 

30 y, » > « 2 » ” 

10 „ less than i year „ „ 


rate of 45,000 barrels per .annum. 
78,000 „ ,, 

198,000, „ „ 

135,000 „ „ 



596 Oil-Field Development 

From the known speed of drillincf it will be possible to compute 
the production from a definite number of wells completed at 
interv\;ls. 

For greater accuracy it is necessary to calculate the monthly 
percentage of yield, as it is (jbvious that if a definite number of 
wells arc completed in one year and at regular intervals, no well 
will yield for the whole year, ami many only a small part of the year, 
but where a regular programme is carried out the. completion 
of wells commenced in the preceding year will neutralise this 
inconsistency. 

It is possible to estimate the appro.ximatc drilling effort 
necessary to sustain or augment a production by ascertaining the 
exact relationship between diilling and production over a period of 
years. A diminishing production from a number of oil wells may 
be reduced or cheeked entirely by a more active drilling policy ; 
any excess of drilling beyond thi.s latter point will be followed by 
an increase of production, h'or example, the comi)letion of ten 
wells annually 1,500 ft. deep (i.e., 15,000 ft.) may just maintain 
production at a fixed rate, but every 1,500 ft. drilled above this 
figure will raise the output by an amount that can be calculated. 
As development proceeds and the older wells constitute a larger 
percentage of the total producing wells the amount of drilling needed 
to sustain a definite production may steadily increa.se on account 
of the general loss of gas prc.ssurc in the district. 

Otiier factors come into jjlay and need consideration when oil 
wells are drilled sufficiently close together to drain each other, and 
when the areas of properties are small and neighbouring operators 
on one or .several sides are actively exploiting their holdings. The 
more rapid exhaustion of gas pressure reduces the rale of inflow 
into the wells, and the normal output per well is con.setjucntly 
lowered, for which allowance must be made in preparing forecasts. 
Impressive and often startling diagrams may be prei)arcd to exhibit 
the exhaustion, or speaking more correctly the declining pro¬ 
ductivity of wells under such conditions. 

In the chart, h'ig. 152, the yields cjf a group of wells on a rapidly 
developed field are .shown at half-yearly intervals. 

The average productions (jf wells completed in each year are 
calculated for tJie same relative period of their age and. referred 
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back to a common origin line. Wells deepened to a new source 
are regarded as new wells and transferred again to the first line. 

A somewhat .similar procedure can be adopted to cr^pare 
diagrammatically the prolific character of different horizons under 
normal development. Average yields of wells drawing from the 
same sand have their productions divided into definite periods of 
time, and these are plotted with reference to the same base line. 



Fig. 152.- -Chart showing llie Initial Half-Vcaily i’roductions of Wells Com¬ 
pleted in Three Sucicssivc \ cais in an (.lil-Fiehl where the Kale of 
Depletion was being I'elt. 



Cl 1 AFTER XIV. 

OIL-FIELD ORGANISATION AND ACCOUNTS. 

.Scheme of Organinmion Technical Oi^'anisalion -“Commercial OrganibHtion. 

Scheme of Organisation. —Varied view.s must naturally be held 
■egarding system of keeping oil-field accounts and records, but the 
Droad principles included in this chapter should not be departed 
from. In preceding chapters methods of compiling, recording, 
ind analysing statistical and other data are described. ' 

Oil-fields are rarely located near cities, con.sequently there is 
only indirect relationshijrs between the shareholders and .secretarial 
department and the oil-field management. This connection is 
more remote when fields are separated from the central offices 
by thousands of miles. The general polic\’ of a public company 
is determined by a Board of Directors, sitting at regular intervals, 
and they are usually guided in their deliberaticiiis by a Managing 
Director, who keeps a close control of commercial affairs, and 
a Consulting Engineer or Technical Achiser, who pays periodical 
visits to the property and closely follows the technical operations. 
Companies holding large unproven areas often engage a gcologi.st 
to work up .structure, and large concerns sometimes organise a 
geological department where records are carefully analysed. The 
diagram opposite indicates the customary dejiartments in an 
oil-producing company. The Secretary must be conversant with 
company law and be a (jualificd accountant, as upon him devolves 
the whole clerical and financial duties, often neces.sitating the 
assistance of a large .staff of clerks. ' 

T«.chnical Organisation. —The Technical Manager will 
carry out the programme of boring and mctliod of exploiting 
the wells as decided by the local administration, and will, if he 
be^well advised,, work in consultation with the senior members of 
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Ws staff, c.g., Overseer, Drilling Superintendent, Production 
Superintendent, and so on. 

Ov\(ccr .—The Overseer’s po.st is an important one. His 
duties are to see to the general maintenance of the property 
in so far as such work does not come directly within the sphere 
of the various departmental superintendents. It is he who 
will look to the repair of machiner)', pipe lines, roadways, 
buildings, etc. 

Contract Work .—It is a commendable practice in some 
:ountrics to perform certain duties and sjjecial work by contract, 
IS by this means a spirit of competition is created between 
:ontractors and one’s own men, to say nothing of the additional 
knowledge gained by a cla.shing of brain.s. 

The larger contracts, c.c^., for drilling and building, will 
probably be given out b\' the General Manager in consultation 
with the Technical and Commercial Managers. Smaller con¬ 
tracts will be given out by the Technical Manager, of course, 
in consultation with his Departmental Superintendents, 

The Drilling Superintendent checks the work done by the 
Drilling Contractors, and certifies their invoice.s. Other contract 
work will probably be followed up by the Over.seer. 

The invoices, after verification by the Superintendent of 
the department concerned, are signed by the Technical Manager 
and sent to the Head Office for payment. 

Workshops .—The worksho])s on the property ma}’ include 
a mechanic shop and foundry, where all boring and fishing 
tools can be made, or at least repaired, and repairs of machinery 
undertaken. 

Form I shows a suitable form to be i.ssucd by the various 
departments on the projrerty to be used for ordering work to 
be done in the Company’s shops. 

In the workshops the materials u.sed and time expended 
on each job will be entered up on a form .similar to that 
shown in Form 2. 

The.se forms, on tue completion of each job, arc sent to the 
Accounts Department at the Head Office. 

The materials and time will be checked in the Accounts 
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Department (at the Head Office) with the respective material 
disbursements and wage sheets. Any difference must of course 
be explained by the Superintendent of the workshop cfrfrtcerned, • 
and, if the .same simpi)- represents waste, this must be written 
off as a general overhead charge. 

The method of costing in the work.shops is a que.stion that 
one cannot deal with in the limited space of one chapter. It 
is a qiic.stion that has Ijeen treated at great length in many 
special works issued on the subject. Suffice it to say in the 
present article that the Teclinical (or Oil-h'iekls) Manager should 
every day .see and confirm all orders given by the work.shop 
to the Materials Store, as also all orders for work given by 
the various departments to the workshops. 

A’or/;/',''.—' Mach da_\’ the Ilearl Drilling Superintendent will 
collect from each driller or boring contractor his returns for 
the day, on forms approximating to those on p. 317, which 

will be handed to the Technoal .Manager, thence passing to 

the (jcneral Manager. 

These returns will be entered up daily into the Boring 
Journals kept at the Head Office, A separate book may be 
kept for each well, or a loose-leaf journal kept. 

Production .— The distribution of the ])roduclion amongst 
the individual wells is practicall)’ alwar's a weak spot in oil¬ 
fields organisation. In the case of bailing wells, one has to 

consider the si/.c of the bailing bucket, and the method and 
speed of bailing, in conjunction with the respectixe quantities 
of oil and water in the well. In the case of wells being 

pumped or worked by air lift, there is probablx’ a possibility 
of adopting more accurate means, by measuring the oil in 
tanks, but this of course requires more or le.ss individual 

attention for each well throughout the whole twenty-four hours 
of the day. As, however, owing to danger from fire and the 
necessity for economv in plant, it is generally necessary to 
take the oil away from the well to some central storage as 
quickly as possible ; it is, as a rule, impracticable to leave the 
oil in the mca.suring tanks a .sufficiently long time to allow 

the water to settle off from the oil; furtlicrmore, it is an 
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expensive system which requires to have men and ])lant solely 
for obtaining an accurate measurement of the production from 
individu^.wells. 

The total production will be measured up daily in a special 
reservoir kept for this purpose, and then pumped into the stock 
reservoirs ready for pum))iiig away to the refinery or the 
purchaser. 

The Production .Superintendent will then prepare the pro¬ 
duction returns on the principles outlined in Chapter Xlll., and 
will hand the same for \erification and signature to the Technical 
(or Oil-Fields) Manager, who in his turn will have them sent to 
the Head Office. 

Materials Store .—The Materials .Store is a department 
which requires most close attention. Theie is probably no part 
of the business where there can be more leakage, and it therefore 
behoves the General Manager to sec that the most stringent 
control is kejrt over all stores. 

The organisation of this store is shown under the heading 
of Stores Department, to which all the materials stores arc 
subordinated. 

Instrument Store .—All in. truments, plant, and inachincrv, 
coming on to, or going out of, the oil-iiehls, should be passed 
through the materials store books. 

All fishing, boring, and similar tools and instruments are 
kept in the Instrument Store under lock and key. The 
Instrument Storekeeper will, of course, keep a complete record 

I 

of everything in his charge, including the plant and machinery 
on the property, such as boring rigs, engines, pumps, etc. 

An excellent system for keeping a record of the plant 
and machinery is to have a seixirate card (h'orm 3) for each item. 
This card is self-explanatory. 

The various plant and machinery on the property should 
be actually numbered in nature. This can be done by means 
of little metal plate.s fastened to each article, or by stamping. 
It is preferable to have separate scries of numbers for each class 
of plant, e.g.., boring rigs, engines, pumps, lathe.s, etc. 

Hire of Instruments .—In some oil-fields there are coivcerns 

» • 
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which have special tools, and this requires accurate control, as 
often large sums are charged for their hire. It is essential that 
the Instrument Storekec])er should send a report ea^ day qf 
all tools entering and leaving the property. In Form.s 4 and 5 
are given forms for such reports. 

In order that the Oil-h'iclds Manager ma}', at regular intervals, 
have a reminder of what tools remain in the Company's pos.se.ssion, 
it is advisable that the Instrument Storekeeper should furthermore 
send, at the close of each month, a list of all instruments 
remaining at the disposal of the Company on that day. Form 6 
is suitable for this purpose. 

Commercial Organisation. —Chi the commercial side of 
the business the Chief .Accountant, the .Superintendent of 
the .Stores Department, and the Corres[)ondent will be directi)-' 
responsible to the Commercial Manager, The Superintendent 
of the .Stores Department will furthermore be responsible for 
the organisation of the Materials Stores on the various pro¬ 
perties. 

The Chief Accountant will have control over the correct 
recording of the Instrument .Stores and Plant and Machinery 
Accounts Dcpaiiiiiciil. .As to the Accounts, there is nothing 
particular calling for comment, except the question of boring. 
From a strictly accountatu)- point of view, the cost of drilling 
wells should be charged to capital cxpcmliture, as undoubtedly 
a bore hole i.s a construction of some degree of permanency, which 
[jrovidcs, or .should provide, an income. Unfortunately, thi.s 
degree of irermanencv is often small, and therefore in capitalising 
such expenditure one continuallv finds one.sclf obliged to write 
off large sums on the exhaustion or non-productivity of wells. 
Such expenditure may impose a heav}- and unfair burden on 
the year in which ex|)cnsivc wells happen to end their career; 
therefore, there is a movement amongst many oil producers in 
favour of charging expenditure on boring direct to Revenue. 
It is certainly more prudent, and, after the first initial stages 
of the e.xploitation of an oil propertv, boring and exploitation 
expenditure will on the whole continue from year to year in 
more or less regular proportion.s. 
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Article No . Card No.. 

Description and siz" . . 

Room No . Place No 

By whom made or from whom obtained . 

{Date) . 


DelivL'Tcd into Store. 


i Note™.'.. ’ 


Delivered out of Store. 




Date. To Whom. 

Note No. 


f-okM ^ 







































THE MASLO PETROLEUM COMPANY, LIMITED. 
PLOT No. III. 

Report No . 

TOOLS TAKEN ON HIRE. 


Instrument Hire Form 


607 


% d 
2 . 6 



Form 
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Stores Department 

THE MASLO PETROLEUM COMPANY, LIMITED. 

PLOT No. III. 

STATEMENT OF TOOLS HIRED. 

For the Month of, . 19 . 


RemarkiT 

In the Posses¬ 
sion of the 
Company At 
the BennininR 
of the Mouth. 

Received 
Durinc 
the Month. 

Returned 
During 
the Month. 

In the Posses¬ 
sion of the 
Company at 
the End of 
the Month. 

Remarks. 








Form 6. 


Stores Departvient -—Tlic que.stion of the Store.s Department, 
the Superintendent of which will be stationed in the Local Office, 
i.s a serious one. This employee will be trusted with the 
organisation of the various Materials Stores on the Company s 
property. 

There is no department where, in the absence of a suitable 
superintendent and organiser, more leakage and waste can take 
place. The Superintendent' must be a man of indisputable 
integrity, minute accuracy, and highly informed in regard to 
the sources, quality, and prices of materials. 

To obtain an adequate control of prices the Stores Super¬ 
intendent will be well advised :— . 
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(1) To have his own series of printed forms (generallj 

booklets) for price lists—a separate form for each 
category of material. These forms should b« 
sent round to suppliers from time to time, so thal 
the latter may fill in their prices. 

(2) To have the prices entered upon cards kept in a 

suitable card cabinet (see Form 7). Entries 
should be made in pencil, as they will'naturally 
have to be altered from time to time. 

A great economy of work can be effected by the following 
system of issuing orders for materials ;— 

A separate requisition for each item is written by the 
Materials Storekeeper at the property in four copies (by means 
of carbon papers) as follows 

a. Requisition addressed by the Head Office to Supplier 

(Form 8). 

b. Requisition addressed from Property to Head Office 

(Form 9). 

c. Delivery Note (Form 10). 

d. Counterfoil for use of Materials Stores (Form 11). 

The Form b is signed by the Oil-P'ield Manager, Overseer, 

and Materials Storekeeper, and then sent together with Forms d 
and c to the Head Office. 

These forms are originally bound up in books in the order 
shown above. Forms a, b, and c are perforated at the sides, 
whilst the counterfoil remains permanently in the book, and 
serves as a permanent record for the Materials Storekeeper. 

To get a good impression from the carbon papers, the 
requisition may be written with a marking-ink pencil. • 

The forms of requisition “from Head Office to” {i.e., a) is 
placed on top of the series, the same being the document that 
serves as a voucher for an outside firm, and as such should be 
as indelibly written as possible. ' . . *1 

The last two columns on Forms b and c, viz., “For whai 
purpose required ” and “ Balance in hand,” will be filled in M' 
F'orm bf as there are, of course, no corresponding columns cjl, 
Forgi a, , 
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After requisition b has been approved by the General 
Manager the name of the intended supplier is filled in or 
Requisition a (Form 8) by the Superintendent of the Stores 
Department at the Head Office, and together with delivery note t 
(Form lo) handed to the supplier. Requisition b is retained in 
the Head Office. 

The Superintendent of the Stores Department arranges for 
the dispatch of goods from the supplier in accordance )vith the 
requisition a. On delivery the carters bring back to the Super¬ 
intendent of the Department the Delivery Note (Form c), duly 
completed (or corrected, if necessary). 

The supplier's Delivery Notes are sent with, the materials to 
the property. 

The Delivery Notes c, filled in by the suppliers, are checked 
in the evening with the property requisitions b. > 

It is essential that there should be but one channel of 
entry for all materials, plant, or machinery of any sort coming 
into the Company’s possession, and that should be the 
Materials Store. Organisations exist under which it was the 
Instrument Storekeeper’s duty to give receipts and issue returns 
for plant and machinery, whilst the Materials Storekeeper 
received the ordinary materials. The result is that when some 
day certain goods are delivered to the property, both the Store¬ 
keepers claim the articles for their own, and both issue receipts 
and returns for the same, with the result that the mistake is 

overlooked in the Accounts Department, and the goods may 
< 

be paid for twice over. 

All materials received in the stores are entered in a receipt 
book in four copies ;— 

a. Receipts (Form 12). 

b. Returns (Form 13). 

c. Copy of Receipts (Form 14). 

d. Counterfoil (Form 15). 

These are also all obtained at one writing by means of carbc^ 
papers. These forms are made up in book form in a simlSu 
way to that obtaining with the requisitions. ' ^ 

Jforms a, b, and c are perforated; d remains pertJwujentlj 
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In the event of goods being delivered of quality or siies which do not correspond with 
the terms , of this requisition or with samples provided by the supplier, the latter must 
take the said goods back and reimburse Company for all losses arising from such incorrect 
delivery, and the Company reserves to itself the right to cancel this reqmsiuon without 
any liability whatever towards the supplier. In the event of the supplier Tlclivenng f 
larger quantity of goods than requisitioned, the Company has the right to reject the 
surplus and all losses arising from the delivery of the surplus will be borne by the supplier. 

In the event of the Company giving the supplier a sample, such sample must be 
returned to the Company with the first consignment of such goods supplied. 

Immediately on delivery of the goods delivery notes with prices must be given to the 
Superintendent of the Stores Department at the Head Office* 

Acceptance of goods takes place exclusively on the oil-fields. . ,. 

A receipt for the goods shown in this requisition must be obtained by the supplier 

from the store to which ihe goods were delivered. ,. • * ,:f., 

In the event of a receipt not being given for the goods, the supplier is to notify the 

Company in writing within two days of delivery of the goods. . . , __ 

iCe present requisition can in no case serve as proof of the receipt by the Company 

of the goods shown in the same. , . , 

Invoices for the goods delivered to the Company must he handed in to the Head 
Office not later than the Sth of the month following receipt of the , . 

Payment per invoices delivered after the Sth of the month will be postponed to the 

foltaing month^^s supplier must show the number of each receipt (for goods) and 

On^Sle^nt of th'el^^^^^^^ for ^oods must he handed in to the Head 

°*invoices for goods delivered without a written requisition from the Heaij Offio^f 
the Company will not he accepted ; therefore suppliers are requested to see that goods 
are only delivered on the basis of such renuisitions. 
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Form 






Requisition Forms €15' 

THE MASLO PETROLEUM COMPANY, LIMITED. 
DELIVERY NOTE. 

To Requisition No . 


From . 

To the Oil-Fields of the Maslo Petroleum Company, Limited. 

. .19. 


Description 
of Go^s. 

Quantity. 

Weight. 

Measurement, l 

Price. 

Amount. 

No. of 
Materials 
: Returns. 








1 

1 




Form lo. 


THE MASLO PETROLEUM COMPANY, LIMITED. 
PLOT No. III. 

Counterfoil of Requisition No . 

From the Oil Fields Office to the Head Office. 

.19. 


Desaiption 
of Goods. 

Quantity. 

Weight. 

: Measurement. 

1 No. of 
Returns. 

1 

Notes. 

For What Pur¬ 
pose Required.; 

Balance 

in 

Hand. 





1 

1 



1 

i 

i 

i 



Form ii. 










in the book. *The receipt is placed first in the series, so that 
as in the case of the requisition, the most indelible impression 
is given«on the form that serves as a voucher for the supplier, 
Of these, the receipt a, and copy of receipt n, are handed to 
:he carrier. The carrier has to take the same to the supplier 
)f the goods, who endorses on the copy c that he has received 
:he original receipt a, and only on the presentation of such 
ligned copy of receipt c is the carrier paid for the cartage. 


Invoice No. 


THE MASLO PETROLEUM COMPANY, LIMITED, 
PLOT No. III. 

Goods Receipt No . 

Received from . 


19 . .per delivery note No. 


Name of carter. 


No. of ' 
Reqaisition. 

i 

Description of Goods. 

Quantity. ' 

Weifthi or 
Measurement. 

Notes of Head 
Office. 

Notes. 

i 

i 

! 

• 






No. of (arti . 

Storekeeper {signature) . 

Without presentment of this receipt settlement will not be made on the invoice. 


For the Head Office, Jnvoiu ^ 


Form 12. 
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THE MASLO PETROLEUM COMPANY, LIMITED. 

PLOT No. III. 

Returns No . 

Goods received from . 

Delivered on .19. per delivery note No . 


Name of carter. 


No. of 
Requiiition. 

description 
of Goods. 

Quantity. | 

Weight or j 
Meusutemeiit. | 

I’rice, 1 

Per 

Unit. 

Amount. 

Dis. 

count. 

Notes. 









1 

1 




No. of (ari^ . 

The goods shown in these returns were accepted by {Storekeeper) . 

Acceptance sanctioned by{Oil-Field'i Manager) . 

The present document cannot serve for the supplier as proof of delivery of the goods. 

Form 13, 


COPY. Invoice No . 

THE MASLO PETROLEUM COMPANY, LIMITED. 
PLOT No. III. 


Copy of Goods Receipt No. 


Received from 


19. per delivery note No- 


Name of carter. 


No. of 
Requisition. 

De.scription of 
Goods. 

Quantity. 

Weight or j 
Meaburemenul 

Notes of Head 
Office. 

Notes. 









No. of carts .!. 

Storekeeper [lignature) .. 

Original goods receipt received (signature of supplier) . 

The present copy of goods receipt is only intended for the carter and cannot 
serve for the supplier as proof of delivery of the goods. 

Form 14. 
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THE MASLO PETROLEUM COMPANY, LIMITED. 

Invoice No . 

PLOT No. III. 


Counterfoil of Returns No . 

Received from .!,. 

.ig. .per delivery Note No. 


Name of carter. 


No. of 

Requisition. | 

Description of 
Goods. 

Quantity. 

Weight or 
Measurement. 

Card 

No. 

Invoice 

No. 

Remarks. 


! 




j 


‘ 


No. of carts . 

Siorekeeper..., 
Form 15. 


The object of this system is obvious. One thus sees tha 
the supplier has a receipt bearing the signature of the ston 
requisitioned, the material in question, and the whole responsi 
bility for the delivery of the receipt to the supplier is throwi 
on the man actually delivering the materials in such a thorougl 
manner that he is likely to fulfil his duty, for otherwise h 
(the carter) is not paid for delivery. 

With some firms it is the custom for a materials depart 
ment clerk to give a receipt at the Supplier’s Store, and th 
receipt from the Company’s Store is then sent direct to th 
Superintendent of the Stores Department. This, howevei 
necessitates very close and prompt attention on the part of tb 
Stores Department in checking up separate series of reedipti 
and it can very well happen that a supplier may one da; 
present a receipt given for materials by the Head Offiij 
Clerk, whilst the materials cannbt be traced to any of 
Company’s Stores. If, as is sometimes the case, such a. mis 
take is only discovered after the lapse of several mondt^ i'l 
may prove impossible to trace the destination of the 
wlylst the supplier all the same has to be paid. 












Material Disbui^etftents 519 

The returns b with the signature of the Materials Store- 
eeper and Property Manager, are sent to the Stores Depart- 
lent at the Head Office, and there checked with the requisitions 
nd delivery notes (as above mentioned), prices being duly 
lied in and checked by the Superintendent of the Department. 

In the above-mentioned receipts, returns, etc., are shown 
he numbers of supplier's delivery notes and numbers of 
equisitions’. 

Suppliers when .sending in their invoices must also return 
ill requisitions. The invoices are checked by the Stores 
Department with the above-mentioned returns and then 
landed to the Accounts Department. 

Payment is not made on invoices until the receipts given 
)y the Materials Storekeeper for the materials are returned by 
he Supplier to the Accounts Department at the Head Office. 

For materials received back from the oil-fields into the 
Materials Store receipts are also given from the above-mentioned 
30ok to the Superintendent of the Department concerned. 

Tlic counterfoils of the returns are checked by the Materials 
Storekeeper with the property requisitions, the numbers of the 
requisitions being shown on the returns, and vice versa. In this 
way he keeps an immediate control over the fulfilment of orders 
by the Stores Department. 

All plant and machinery received is immediately handed 
over to the Superintendent of the Instrument Store. 

For all materials taken from the store, requisitions have to be 
presented signed by the head of the de(lartment in question. 
Record of the same is made on special Materials Disbursement 
Returns. These are written in duplicate, the second copy 
(counterfoil) being obtained by means of carbon paper (see 
Form i6). They are, of course, also numbered consecutively. 
The numbers of the requisitions received from the various 
superintendents are shown in the returns against the items 
concerned. For the materials delivered to the property, separate 
disbursement returns are written for each department, and signed 

the Storekeeper, the Overseer, the Receiver of the goods, and 
the On-Fields Manager. To all returns for goods delivered to 
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outside persons, or returned to the dealers, receipts from the 
persons concerned are attached, whilst the returns are only 
signed by the Stores Superintendent, the Overseer, and Oil- 
Fields Manager. 

When, after a receipt has been given for materials, the said 
materials have to be returned for some reason or other, such 
materials must be written off in the disbursement returns, the 
latter entry being accompanied by a receipt signed by the dealer 
in question ; only on this condition should such a disbursement 
be recognised by the Accounts Department. 

The Materials Storekeeper, in place of the ordinary materials 
waste or day book, will have the counterfoils of the receipts and 
disbursement returns respectively. 

Records of stocks arc kept on the card system (Form 17) 
(see p. 622). , 

For each item delivered a fresh card is .started, and each 
disbursement of such material is shown on the card in question 
until the supply is exhausted, when the card is transferred into 
a separate box for “ dead ” cards. 

It follows that just before each card is finished a fresh card 
will have been opened for the next delivery of the article in 
question, which card in its turn will be written off in the same 
manner. 

The advantage of this system is its simplicity, in that practi¬ 
cally no additions or subtracLions are required. 

It will be seen from the foregoing outline that each item is 
written out not mort than twice. No writing is done in the 
Stores Department at the Town Office at all beyond the entry 
of the prices into the card cabinet, the supplier’s name on the 
requisitions a (Form 8), and filling in the column ; “ Notes made 
at the Head Office ” on requisitions i (Form 9). The Storekeeper 
writes each item requisitioned once, each item received twice («.«,, 
once on the receipt form and oncC in his card register). Simi¬ 
larly with disbursements, the items are entered by the Store¬ 
keeper once on the disbursement form and once in the cai^‘ 
register. • !' 

^It must be borne in mind that the essence of good d^anisa 
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Form i6. 
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tion is simplicity; the more copying out of items the more 
chance of mistakes. If, with the above system, where each 
item, 5ne may say, is not recorded more than twice in the Stores 
Department and Stores, there is one mistake in every 1,000 
entries, then with many systems, where one and the same item 
is written up ten or even more times (which is by no means 
exceptional), such chances of mistake are proportionally multiplied. 


Series No . Card No . 

Room No . Place No . Normal Stock . 

Received from . 

. {Date) . 19. 

Dcliverv Note No . Receipt No . 

Quantity . Weight . Measurement . 


Disbursements. 

Balance in Hand. 

Date, 

Returns 

No. 

Requisi¬ 
tion No. 

Quantity. 

Weight 
Mcasu rcn 

or 

rtent. 

Dale. 

Quantity. 

Weight 

Measuren 

or 

iient. 





































. 






c 




















































< 







Form 17. 























APPENDIX. 


DIVINING FOR PETROLEUM. 

The subject of prospecting would perhaps be incomplete without 
reference to “ Divining.” During the last few years diviners have 
appeared who claim the power of tracing oil by means of a metal 
wire or hazel twig. Exponents of the art claim that when passing 
over oil their wands are deflected in varying degrees. The wire 
is held in the same way as the hazel twig by a water diviner, that 
is, in an exceedingly sensitive state by which any contraction, even 
unconscious muscular contraction, causes a considerable movement 
of the twig. Diviners’ twigs show certain liveliness in the hands of 
the author, but he would hesitate to attribute their movements to 
anything beyond muscular effort, even if involuntary. Operators 
wjll need some very definite evidence before expending their funds 
on sites chosen by diviners. More ambitious is an instrument with 
a needle for which claims are made, but the makers decline to allow 
the apparatus to be tested in an oil-field before purchase. 

AREA PER WELL FOR VARIOUS SPACINGS. 


Assuming wells to draw from an equal radius around, the table 
below gives the approximate acreage per well for different spacings 
set out in equilateral triangles :— 


Distance Apart 

Area per Well. 

j Distance Apart. 

Area per Well. 

lOO 

feet. 

.IS . 

400 

feet. 

2.9 

15 ° 

>» 

■4 

450 


3-7 

200 

>» 

•7 

500 

n 

45 

250 


i.i 

600 


- 6-5 

300 

>5 

1.6 

700 

» 

8.8 

35 ° 

St 

2.2 

800 


- n -5 
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Appendix 


MEASURES AND USEFUL FIGURES. 

Russian Measures. 

I vershok = 1.75 in. 

16 „ = I arshecn = 2 ft. 4 in. 

48 „ = 3 „ = t sfijcne = 7 a. 

24,000 „ =1,500 „ =500 „ = I verst = 0.663 mile. 

2,400 sq. siijenes=i dessiatine = 2.6997 acres. 

250,000 „ = I sq. verst. 

I vedro = 2.7069 Imperial gals. = 3.24 American gals. 

40 foonts (pounds) = i pood = 36.1141 lbs. English. 

62.2 poods = 1 ton. 

I rouble at normal periods, about 2 shillings or 48 cents. 

Roumania. 

Pogon = 1.235 acres = 0.5 hectare. 

Metric tons and cars of to metric tons. 

Lei = about i franc = 10 pence = 20 cents normal times. 

' Galicia. 

Joch= 1.422 acres. 

Metric tons and cars of to metric tons. 

Kronen = about i franc = 10 pence = 20 cents at normal times. 

Burma. 

Viss = 3.65 lbs. av. too viss oil = approximately 1 battel. 

I anna =• i penny = 2 cents, i rupee = j 6 annas. 
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Metric System. 

Metre = 39.3704 in. = 3.2808 ft. Millimetre, about in. Kilometre, 
0.6213 njile. 

Square metres 1550.03 scj. in.= lo.ybqr sq. ft. = .000247 ttcs- Sq. kilom. 
= .3861 sq. mile. 

Hectare, 107,641 sq. ft. = 11960.1 sq. yds. = 2.47110 acres. 

Litre = 61.0254 cub. in. = .22 gal. Imperial = .264 gal. American. 
Gramme= 15.432 grains. Kilogramme, 2.2046 lbs. 

Franc = 10 pence = 20 cents normal times. 

United States and Britain. 

I acre = 4,840 sq. yds. = 43,560 sq. ft. 

I cub. ft. = 7.48052 United States gals. = 6.23210 Imperial gals. 


TEMPERATURE CONVERSION. 


F. 

to C. 

C.'' = ;;; (V."~32 ) 

F. 

„ K- - 

- 30 

C. 

„ F. - 

- F." = VC.“ + 32 

C. 

„ R. - 


R. 

„ F. - 

- F." = »R." + 32 

K. 

„ C. - 

II 


USEFUL CONVERSION FIGURES. 

Metres x 3.281 = feet. Feet x 0.3048 = metre.s. 

Square metres x 10.764 = squara feet. Square feet x 0.09308 = square 
metres. 

Gallons x 4,546 = litres. Litres x 0.21998 = gallons. 

Gallons (Impeeial) X i.2012 = United States gallons. United States gallons 
X 0.83226 = Imperial gallons. 

40 
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Useful Conversion Figures— conlinued 

C 

I barrel of 42 United States gallons =i barrel of 35 Imperial gallons, 
ratio therefore 6:5. 

I gallon oil = (10 x specific gravity) lbs. 

I barrel oil = (350 x specific gravity) lbs. = tons = 

2240 2200 

metric tons. 

r ton oil = - barrels = gallon.s = - - . 

35° ^ gt- sp. gr. X 10 62.425 X sp. gr. 

cubic feet. 

t cubic foot oil = tons. 

2240 

Lbs. irer square inch x 2.32(1 = foot head of water. Feet of water head 
X 0.43 = lbs. per square inch. 

Inches water gauge x 0.0358 = lbs. per square inch. 





INDEX. 

Paragraph headings are put in hold type. 



A BADAA refinery, Per.sia, 45 
Accounts, oil-field, 605 
Ackverdoff properly, Grosny, 149, 161 
Acreage drained l)y oil wells, 147 
— of leases, 63 et seq. 

— per well, 150 
Aerobic bacterial action, 267^ 
Aero-condensers, 521 
African oil-fields, 46 
Agitators for refineries, 303, 304 
Air burners for oil, 514, 515 
— compressors, 492 
— needed for conibuslion of gas, 583 
— needed for combustion of oil, 517 
Air-lift, 486 
— air u.sed in, 492 
— capacilie.. of, 494 
— co^l of, 494 
— efliciency of, 493 
— emulsions formed by, 488 
— extraction of sand by, 491 
— limitations to use of, 491 
— pressures required for, 487 
- submergence for, 487, 494 
Alberta gas, 46 
Albertite, 196 

Algx, a source of oil, 257, 258 
Algerian oil, 48 
Ali Tepe, Cheleken, 24 
Alkaline waters, 201 
Alsace oil-fields, 35 
Alternating current work, 538 
Ammonium carbonate, 54 
— sulphate from shale, 205 
Amorphous hydrocarbons, 279 
Anaerobic bacterial action, 267 
Anaesthetics from oils, 296 
Analysis of accounts, 86 , 87 
— of calcareous sandstone, 109 
of dolomite, 117 
— of expenditure, 86, 87 
— of gases, 292, 294 
— of oils, 283, 289 
—. of records, 387 tt seq. 


Angola oil, 47 
Animal origin of oil, 258-61 
Annealing drill rods, 346 
Annular drills, objections to, 313 
Anticlinal theory, 96, 118, 125 
Anticlines, asymmetrical, 229*31 

— eroded, 119, 220, 225 

— overfoldcd, 231 

— pitching, 222, 225 

— subsidiary, 23S 

— symmetrical, 224-28 
Anliclinorium, 229, 248 

Apex Locus of asymmetrical anliclines,,2l9 
Appalachian oil-fields, Jo 

— oil-fields, absence of water in, 152 

— oil-fields, average life of wells in, 133 

— on fields, long-lived wells in, 152 

— oil-fields, yield per acre of, 159, 160 

— oil-fields, revival in, 157 
Apostalache, Roumania, 28 
Appliances for removing debris, 340 
Area allotted per well, 150 

— influenced by wells, 147 

- of oil-fields in U.S. A., 10 

— of oil-leases, 63 et se<f. 

— of oil-leases in America, 63 

— of oil-leases in Burma, 67, 69 

— of oil-leases in Galicia, 66 

— of oil-leases in I'eru, 68 

— of oil-leases in Roumania, 66 

— of oil-leases in Russia, 63, 68 ■ 

— of prospecting licences, 68 

Area influenced by producing wells, 146 
Arakan Islands, volcanoes of, 183 
Argentine oil, 48 
Aromatic hydrocarbons, 281 
Artesian flows, 132 

Asphalt, association of, with cal, 216, 217 

— Bermudez, 191 

— British Guiana, 49 

— composition of, 189*91 

— Cuban, 187 

— effect of, on drilling, 309 

— preservation of remains in, 185 

• • 
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Asphalt, s!)urcft,o/, 184 

— Tobago, 39 

— Trinida^, 1S7 
rAsphattic oils, 279 

— limestones, 193 

— rocks, 192-94 
Asiatic oil-fields, 25 
Assam oil-fields, 36 
Associated Oil Co., 66 
Astrakhan roadstead, 22 
Asymmetrical anticlines, 229 31 
Asia Minor shales, 208 
Athabasca tar sands, 46 
Atomisers for oil fuel, 514, 515 
Auction of oil lands, 7 i» 74 
Auger stem, 322 

Augers, 342, 347 
Australian oil shales, 205 
Austrian oil-fitdds of Galicia, 28-34 
Aztecs, I 

B ABAT oil-field, Sumatra, 43 

Bacau oil-ficld, Roumania, 28 
Bacterial action, 266-69 
Badlands, scenery, 102, 175 
Baicoi oil-field, 27, 233 
Bailer g:ftbs, 477 
— valves, 340 
— valves, removable, 341 
Bailers, 474 
Bailing, 471 
— cost of, 481 
— drums, 475, 476 
— electrical, 478 
— power for, 473, 47 ^ 

— precaution in, 479 
— ropes, 475 

— speedb, 473 , 

— tub, 476 
Briloff, 179 
— electric station, 533 
Balin-Batuum pipe line, 22 
Baku oil-fields, 21 
— oil-fields, baling in, 481 
— oil-fields, Iwring in, 351 
— oil-fields, cost of wells in, 592 
-Ji oil-fields, electricity in, 179, 478 
— oil-fields, gushers in, 153, 154 
— oil-fields, use of gas in, 21 
— oU-fields, yield of oil by, 160 
Bblakhany-Saboontchy oil-field, 21 
— Saboontchy oil-field, yield of, 160 
BalaociHg driding beams, 325 


Balancing pumping wells, 468 
“Balling up,” 325 
Bana-Moreni oil-field, 216, 238 
Band wheel, 320 
Barbados oil and tar, 41 

— burnt shales, 195 
Bargea^on Irrawaddy, 36 

— on Tamiahua Lagoon, 39 

— on Volga, 22 

Barrackpore, Trinidad, 40 
Barrel, capacity of, 554 ‘ 

Barrett oil-well jack, 334 
Barrier beaches, 99 
Bartlesville oil sand, 17 
Batson, 18, 243 

— Trairie, flooding of, 440 
Batteries of boilers, 513 

Baum6 and specific gravity ecjuivalents, 
286-88 

Bauxite, refining with, 305 
Bellik oil-fiekl, 23 ^ 

Bemo, Burma, 35 
Bengal oil, 36 

Beniines in crude oil, 255i 281 

— analyses of, 284 

— boiling points of, 282, 284 

— coefficient of expansion of, 288 

— burnt, 52 

— percentage of, in oils, 281 

— surplus slocks of, 53 
Berea, Rtnmania, 28 
Berekei oil-fietd, 25 

— oil-field, flooding of, 440 
Bermudez pilch lake, 191 
Bibi-Eibat oil-field, 21 

— oil-field, development of, 162 

— oil-field, geology of, 227 

— oil-field, high enrichment of, 148 

— oil-ficld, production of, 160 

— oil-ficld, yield per acre in, 160 
Binagadi oil-field, 21 

Birth of islands, 182*84 
Bitkoff oil-field, 32 

— oil-field, light oil of, 276 
Bits, cone, 365 

— disc, 366 

— dressing of, 337 

— dlilling, 333-36 

— eccentric, 334, 336 

— eccentric flush, 363 

— fishtail, 364 » 

— flush, 363-66 
gauges for, 340 

— handling of, 337 
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Bits, percusdoD, 334.35 

— spudding, 335 
Bitumen sheetinj^, 298 
Bitumens, 195 

— illustrations of, 196, 198 

— ultimate composition of, 198 

— value of, 196 

— veins of, 218 
Bituminous clays, 193 

rocks, 194 

Bituminous or asphaltic rocks, 192 

Blacksmith’s oil 340 
Blending petrol spirit, 5S6 
Blaes oil, 207 
Blacklown, 22 
Blasting oil wells, 111 
Blocks, casing, 324 

— crown, 322 
Blowers, air, 337 
Blow-out preventer, 367 
Blow-oiU.s, 456 
Booms, oil, 54 

Blue clays, 126-27 
Bog-boga, 1S7 
Boilers, American, 510 

— Colonial, 509 

— drilling, 310 

— efficiency of, 511, 513 

— evaporation of, 511 

— Lanca-sliire, 512 
-- portable, 510 

— water for, 513 
Bolivian oil. 49 
Bonus prospectors, 69 

— paid for oil lands, 72 

— shares, 83 

Kordeni oil-field, Roumania, 26 
Boring for petroleum. See Drilling 
Boring Records, 315, 587 
Borneo oil-fields, 44, 45 

— oil-fields, oils of, 45, 281 

— oil-fields, gushers in, 130 
Boryslaw, early wells at, 29 

— ozokerite, 199 

— ozokerite mines, 199 

— Tustanowicc oil-field, 161 

— Tustanowice oil-fielvl, geology of, 234 

— Tu.stanowice oil-field, yield of weMs in, 

*55 

— Tustanowice oil-field, yield per acre, 161 
Bounty, Canadian, 71 

Bow Island gas, 46 

Bowls or guides, for tools, 379 ^ 

Braroaputra River, 36 


Brea, i 

Brine, association with oil7200, 214 
British Guiana oil, 49 
British thermal units, 290 
Brunei oil indications, 45 
Bungalows for tropics, 563 
Burma leases, 67, 69 
oils, 2S9 

— oil-fields, 33, 36 

— oil land sales, 75 
- jiipc line, 3O 

— refinerie.s, 36 

— royalties, 75 

— tax on boilers, 76 

— wells, cost of, 591 

— - wells, yield of, 155 
Burners, air, for oil fuel, 514, 515 

— gas, for gas fuel, 581 

— oil, for oil fuel, 514, 515 

— pressure, for oil fuel, 514 

— steam, for oil fuel, 314, 515 
Burnt shales, 195 
Bushtenari oil-field, 26 

— oil-field, yield per acre, 160 
Buzau oil-field, Kouinania, 27 

i 

C ABLE, consumption of, in drilling, 

326, 330 

Cable drilling, 320 

— rig, specification of, 327 
Caddo, waste of gas at, 93, 136 
Calcareous oil rocks, 115 
— sandstones, loS-iii 
— sinter, 244 

Calcasieu sulphur wells, 204 
Calf wheel, 322 
Calgary oil, 46 
— speculation at, 55 
— use of ^s at, 46 
Californian drilling costs, 592 
— emulsions, 504 
— gushers, 19 
— land sales, 84 
— oil-fields, 19, 20 
— pipe lines, 20 
— productions per acre, 162 
— pumping costs, 47 * 

-rig. 321 

Calinet oil-fields, Roumania, 26 
Calories, value of, 290 
Calorific value of gases, 292, 566 
— value of oil, 290 
Campina electric station, 533 
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Campina gurshers, '<54 

— oil’fields, 26^ 28 

— refineries, 28 
Canadian l^ounty, 71 

— dolomites, 116 

— drilling rig, 345 

— drilling system, 344 

— gas-fields, 46, 565 

— oil-fields, 7, 46 

— oil lease, 80 

— royalties, 71 

Canadian system of drilling;, 344 
Cap rock, 115 
Capacity of oil sands, 106 
Capillary concentration (ff oil, 123 
Capita) expenditure, 86 

— working, 56 

Capitalisation of oil companies, 56, 58 
Carbonaceous matter in oil beds, 262 

— shales, 262 

Carbon dioxide in gas, 294, 585 

— for extinguishing fires, 458, 562 

— from oil combustion, 518 
Carburelted air gas, 296 

— water gas, 297 

Carpathian Mountains, relationship of oil¬ 
fields with, 96 

— structures, 233 
Cartels, Austrian, 30 
Casing blocks, 324 
Casing clamps, 424 

— cost of, in wells, 391 

— cutters, 426-28 • 

— cutting up, 382 

— driving, 421 

— drifts, 435 

— elevators, 424 

— exclusion of water by, 443 

— expanders, 435 

— flush-joint, 413 

— for swabbing wells, 484 

— freeing, 470-23 

— heads, 461 

— inserted joint, 413 

— jacks, 422 

— line, 328 

— objects of, 410 

— perforators, 432, 433 

— pressing, 422 

— punches, 432 

— recovering lost, 429 

— releasing frozen, 421 

— repairing damaged, 434 

— riveted, 414 


Casing, riveting machine for, 417 
*— severing, 428 
Casing shoes, 419-20 

— slitters, 432 

i — socketed, 413 
i —solid drawn, 413 

— spears, 431 

— specification of, 411 

— spiders, 424 

— stove pipe, 414 

— swedges, 435 

— types of, 411 

— welded, 413 

I Caspian oil-fields, 21 

— Sea, loss of oil in, 92 

— Volga trade, 22, 53 
Castellun oil shales, 208 
Catalysts, 271, 301 
Caucasian oil-fields, 25 

— pipe line, 22 

— railway, 22 
Causes of pressure, 129 

Causes and prevention of fires, 558 
Causes and prevention of prematuri 
decline of wells, 495 
Caving, 307 

— use of mineral salts to check, 310 

— use of mud for reducing, 330 
Cedros mud vi)lcanoes, 182 
Cementing processes of excluding 

water, 446 

— shoes, 447 

— oil wells, 446 

Central American oil-fields, 37 
— Asiatic oil-fields, 25 
Centring wells, 422 
Ceram oil-field, 41 

Chalybeate waters, confusion of oil with, 18 
Channels, oil, 137 
Chapapote, 2 

Character of oil-bearing strata, 103 

Check valves for gas mains, 569 
Cheleken hot water, 203 

— oil-fields, 24 

— ozokerite, 199 

Chiciura oil-field, Roumania, 26 

Chili, oil used in, 20, 50 

Chilled shot cutter, 382 

Chindwin oil-field, Burma, 35 

Chisels. See Bits 

Chittagong oil, 36 

Chlorides in oil-well waters, 200-02 

Cholesterol in oil, 255 ' - 

Circulation, petroleum. See ConcWtratic 
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Circnlalitm; cable aystem of drilUng> 330 
Circulators, 302 
Clamps, casing, 424 

— driving, 324, 32B, 351, 421 

— river, 549 

— rope, 320 

— wooden, for well mouths, 560 
ClaroUne test for gas, 584 
Classihcation of drills, 312 

— of oils, 279 

— seepagas, 224 

Classification of structures, 221, 222 
Clay puddles, 330, 362 
Clays, bituminous, 193 

— Hue, 126, 127 

— colloidal matter in, loi, 310 

— composition of, ico 

— Tertiary, loi 
Cleaning oil wells, 496 
Clues to structure, 220 

Coal association with oil, 257 

— tar products, 256 

— world’s supply of, 62 
Coalinga, enrichment of, 162 

— geological structure of, 236 

— paraffin oil at, 273 

— source of oil at, 124 
—- yield per acre of, 162 
Coefficient of expansion of oils, 288 
Collection of natural gas, 568 
Colloidal matter in clay, 101, 310 
Columbia drill, 387*389 

— estate, Trinidad, 182 

— oil districts of, 49 

— portable rig, 387, 389 

— well, Roumania, 26 
Colorado oil-fields, 20 
Colour of oils, 277 
Combination drills, 389 
Combustion of oil, 517 
Combustion of natural gas, 302, 580 
Commercial aspect of petroleum, 517 
Commercial organisation, 605 
Compensation of disturbed tenants in 

leases, 67 

Composition and characteristics of 
petroleum, 27C 

— of asphalt, 189, 191 

— of bitumens, 191 

— of calcareous sandstones, 109 

— of crude oils, 283-89 

— of dolomites, 117 

— of emulsions, 506 

— of natural gas, 292-94 * 


Composition of oil dislUlates, 284, 285 

— of oil sands, 107 

— of oil-well waters, 202 

— of petroleum, 283-89 
Compulsory drilling, 79 

— off-set wells, 79, 151 

— minimum outputs, 78 
Compressed air system of raising oil, 

494 

Compressors, air, 492 

— gas, 572 

— gas-gasoline, 584 
Concentration, capillary, 123 

— gravitational, 120 

— influence of density of oil on, 124 

— of petroleum, 123, 127, 143 

— selective, 124 
Concretions, 109 

Condensation of vapours in pipec, 584 
Condensers, 520-22 
Cone bits, 365 
Connate water, 123 
Conservation of gas, 93 
Consideration in leases, 69, 77 
Consolidation laws, Roumania, 66 
Constaiuia, cost of oil storage at, 558 

— (‘il port of, 28 

— pipe line, 28 

Continuous distillation of oil, 30I 
Contours sub-soil, 220, 240 
Contouring, 210, 220 
Contract drilling, 400 

— work, 600 
Contracts, typical, 401-09 
Control of Bowing wells, 454 
Cooling towers, 522 

Core drills, 313 
Corpus Christi gas well, 72 
Corrosion of casing, 452 

— of pii-os, 543 
Cossack oil lands, 75 

Cost of air-lifl wells, 493, 494 

— of bailing wells, 481 

— of cables, 326 

— of casing wells in terms of footage, 391 

— of dehydrating oil, 505-06 

— of distilled water, 520-23 

— of drilling wells, 391, 591 

— of drilling cable, 326 

— of electrical power, 541 

~ of fresh (dislille^ water, 523 

— of oil lighting, 297 

— of oil storage, 558 

— of production, 87, 88 
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Zosi of puTmjing wflls, 470 
of swabuing wells, 486 
~ of tanks, 557 

— of torpeck)ing wells, 400 
of wells, 21, 592 

I!racking of oils, 301 
Zrtnxt derrick, 339 
3 rown blocks, 322 
^ystallisalion, force of, 242, 244 

— of (bill rods, 346 

— of piiraffins, 306 
Tuhan, asphalt, 187 

I^up leathers for pumps, 460 
l^ushing pool, 17, 93 

— prices, 52 

i^ullers, rasing or tube, 426-28 

Cutting and removing casing, 424 

D AMAC.K I)y fires, 55S 
— by gushers, 455 
^^ams for oil storage, 92 
.danger of closing gushers. 455 
— of flush drills, 371 
— of suspending production, 499 
— of water admission, 440 
Dangerous gases, 180, 181 
Debenture issues, 83 
Debrugarh refinery, 36 
Decline of yield of wells, 156, 495 
Decoloration of distillates, 304, 305 
— of paraffin wax, 306 
Decomposition of hydrocarbons, 280 
— of organic matter, 266-6S 
De-emul.sificat’on of oil, 503 
Dehydrating of oil, 503 
Deltaic character of oil-fields, 102-05 
Denouncements, 68 
Density of oils, 2S6 
— relationship of, witli depth, 2^ 
Dephlegmators, 302 

Deposition of wax in wells, 141, 142, 152, 
498 

Depreciation, 85*88 
Derrick, 360 
— crane, 339 

Design and construction of pipe lines, 

542 

Destruction by gushers, 455 
— of insect life in oil, 277 
— of fish life in Caspian Sea, 264 
— of marine life in Everglades, 265 
— of mosquitoes’ larv® by oil, 298 
Developqjcnt of oibficlds, wasteful, 79,150 


Diaper structures, 231 

Diatomaceous beds, California, 254 

— beds, Mexico, 255 

— beds, Red Sea, 258 
Diatoms as source of oil, 254 
Dies, fishing, 431 

Di-elcctric properties of asphalt, 298 

Digboi oil-field, Assam, 36 

Dip of oil strata, 145, 248 

Dips conflicting, 220 

Direct current electricity, 536 , 

Disc hits, 366 

Discoloration of sands, 104, 112, 176 
Dissociation of oils, 517 
Distillates, projierties of, 284-85 
Distillation t‘f coal, 256 

— of gas, 584 

— of water, 520 
Distillation of petroleum, 209 
-- of petroleum, roiuinuons, 301 

— - of petroleum shales, 205 

— of petroleum, steam used in, 300 
Distribution of oil in strata, 97 

— of refining products, 53 

— of well ctjsts, 501 

of wells. See Spacing 
Divining for oil, 220 
Djambi concession, Sumatra, 43 
Doftana, Roumania, 26, 119 
Dolomite, Canadian, 116 

— composition of, 11617 

— h'gyjitian. 204 

— Persian, 204 

— Spindle Top, I r6 
Domes, anticlinal, 219, 248 

— saline, 122, 20!, 244 
Doming, cause of, 244 
-- effect of, 243 

Dos Kocas well, 91, 153 
Dossor oil-field, 23 
Drainage of oil-ficlds, 91 

— system of oil wells, 137 
Drake’s well, 2 

Draw works, rotary, 356 
Dressing hits, 336-38 
Drifts, casing, 435 
Drill, “ Columiiia,” 3S8 

— corCt 313 

— “Fauck,” 373 

— poles, 384 

— “ Star,” 385 

— stems, 322 

— stems, rotary, 360 
Willing bits, 334 
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Drilling cable, 320 I 

— Canadian, 344 

— chilled shot, 313, 382 

— circulating cable, 330 I 

— contract, 400 

— cost of, 391, 592 

— difBcuUies, 309 

— diflicuUies of, for oil, 309 

— freefall, 351 

— Manilla cable, 326 

— motive power for, 508, 525 

— power, for, 391 
Drilling records. 315. 588 

— relation of depth to speed of, 589 

— roiary fluslj, 356 

— selection of rig for, 312 

— service of mtul in, 330 

— sites, 219 

— speed of, 308 

— tools, classi heat ion of, 312 

— tour, 312 

— uninterrupted, 312 

— wire cable, 329 

Drilling for petroleum and natural gas. 

307 

Drills. See Bits 

— portable 3H1 3^4 

— selection of, 312 

Drive clamps, 324, 328, 351, 421 

— heads, 420 

pipi'> 413 

— shoes, 419*20 
Driving casing, 421 

— monkeys, 421 
Drohobyez refinery, 30 
Dry gases, 583 

— sands, 135 

Dust prevention, 298 
Dykes, influence of, 245 

E arly oibfield waste, 91-94 
— pipe lines, 3 
Earth storage for oil, 92 
Earthquakes, elVect of, on oil, 183 
East Indian oil-fields, 41 
Eastern Bengal oil, 3b 
Elano, Mexico, 38 
Eccentric bits, 334 
— flush bits, 363 
Economies in oil-fields, 90 
Economy eflected by feed water healers. 

520 • 

— effected by electricity, 535 


Economy eflected by feroup pfmping, 470 
~ cfTectcd by oil and gas engines, 529 

— eflected by superheaters, 5 JO 
Ecuadorian oil, 49 

Kdeleanu oil refining process, 305 
Efficiency of air-lift, 493 

— of deep well pumps, 470, 535 

— of liailing, 482 

— of boilers, 519 

— of gas engines, 529 

— of oil engines, 529 

— of steam engines, 526 

— of swabbing, 486 
Efflorescences, 176, 217 
Egyptian oil-fields, 47 
Kkateiinodar refinery, 24 
El Pez, Mexico, 246 
Elaterite, 196 

Electric dehydrating of oil, 504 

— generating station, 533 

— lamps, 531 
Electric lighting, 531 
Electric power, 532 

— power for bailing, 54^ 

— power for drilling, 533, 541 

— power for pumping, 534 

— wiring, 531, 540 
E2leclricity, cost of, 541 
Elevators, casing, 424 

— sucker rod, 463 

Elmore ore concentration process, 299 
Elutiiation separation of sands, 107 
Emilia oil-fields, Italy, 50 
Emulsions and their treatment, 5*^3 

— air-lift, 488 

— Californian, 504 

— cause of, 503 

— composition of, 5 ^^ 

— destruction of, 504'^ 

— Galician, 504 

— oil-well, 504 
— Russian, 488 
Energy. See Power 
Engineers, oil-field, 57, 598 
Engines, gas, 529-31 

— oil, 527-29 

— steam, 524 

— steam drilling, 525 

Engler^s method of distillation, 281 
Enrichment, local oil, 136, I 4 L H 9 

— of oil properties, 148-49 
Equilibrium valve, 525 
Erin, island formed off, 184 
Eroded anticlines, 220, 225 
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EraptiottSy ftud anf g&s, 182-84 
•» 8ubinariRe» 183 
Eruptive w^Is. See Gushers 
fiternal fires, Baku, l 
Eudiometer, 584 
Eurasian oil-fields. See Map 
Evaporation of condensates, 586 
Evaporative condensers, 524 

— power of boilers, 510-11 
Evaporators, multiple effect, 523 
Everglades of Florida, 265 
ETOlution of gas, 176-81 
Excise tax, Galicia, 59 

— tax, Russia, 62 

Excitement, value of stimulating, in wells, 

138 

Exclusion of water from wells by 
casing, 443 

— of water from welK by cement, 446 

— of water from wells by clay, 444 

Exclusion of water from wells by 
packers, 444 

Exhausters, gas, 501, 570, 572 
Exhanstion of oil-fields, 156 

— observed, of Maikop sands, 146 
Expanders, casing, 435 
Expansion joints, 524 

— of gas. 587 

— of lamp oils, 135 

— of oils, coefficient of, 288 
Expenditure, capital, 86 

— revenue, 86-S7 
Exploration licences, 67 

” rigs, 313 

Explosion of gas, 559*62 

— of gas in wells, 560 

— traps, 568 

— valves, 568 

Explosive range of gas, 568 ^ 

Extinction of burning gushers, 458 

— of oil-field fires, 561-62 
Extraction of lost bailers, 379, 477 

— of lost casing, 431 

— of lost tools, 372 

— of oil, irregular, 499 

— of oil, unskilled, 501 

— of oil by air-lift, 486 

— of oil by bailing, 471 

— of oil by pumping, 459 

— of oil by swabbing, 482 
Exudation of oils. Sec Seepages 
Extraction of petroleum from pits, 

Extractors, grease, 521 


F actors govemingf formation of 
oils, etc., 95 

False bedding, 105 
— oil indications, 217 
Fans, gas, 561 

Fauck rapid drilling system, 372 

Faults, admission of water to wells by, 442 
— Bibi-Eibal, 171 
— domes at intersection of, 242 
— influence of, on oil yield, 119, 141, 150 
— influence of, on segregation‘of oil, 104, 
119,127,150 

— issues of sulphur waters from, 203 
— Peruvian oil-field, 237 
— veins of bitumen in, 197 
I'Ved water heaters, 519 
Feeders to oil wells, 137 
Fergana oil-field, 25 
Field note book, 319 
Filipeshti oil-field, Koumania, 27 
— oils, 274 

Financing oil companies, 56 
Fire-brick arches for boilers, 515 
Fire-points, 290 
Fire', causes of, 559 
— losses from, 91 
— oil field, 558 
— oil tank, 562 
— oil well, 561 

— protection against, 91, 5O0-61 
Fire-worshippers, i 
Firing torpedoes, 399 
I’lsh-lail bit, 362 
Fishing dies, 431 
— hooks, 375 
“ jars, 329 

Fishing operations, 373-84 
— poles or rods, 384 
— spears, 431 
— laps, 431 

— lools, 373 84 

— tools, cable, 378 
•— tools, detachable, 374 
— tools, rotary, 366*72 
Fissured rocks, oil in, 141 
Marcs, gas, 93 
Flash point, 290 
Flexfble bailers, 473 
“ pipinfi. 524. 549 
Flooding of oil-fieUls, 440, 442 
— of oil wells, 441 ^ 

Flowing hot sulphur waters, 20l*0S, 441 ' 
wells. See Gushers 
— by heads, 465 
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Flush drills, 356 

— joint casing, 413 

— production, 156 
Fly-wheels, detachable, 525 

Foam mixture for fire extinction, 562 

Forge, oil-fed, 340 

Formosa oil, 37 

Fountains. See Gushers 

Freefall, 353 

Freights, ocean, 33 

Fuel consumption, 513 

— gas, 566, 567 

— installations, 516 

— oil, 295, 517 

— tanks, 517 

Fuller’s earth for refining, 305 
Furnace oil, 515 

G alician cartels, 59 

— drilling, 344 
— leases, 66 
— oil-hehls, 29-30 
— oil-iii-lils, yields of, 161 
— ozokerite, 199-200, 273 
— prices of oil, 30, 51, 60 
— royalties, 72 
— lax on kerosene, 39 
~ wells, cost of, 591 
— wells, yield of, 155 
Gallon, relative value of Imperial and 
American, 554 
Gas, Alh<*rta, 46 
— analyses, 292, 294 
— bitumen mine, 197 
— Bow Island, 46 
— burners, 581 
— calorific value of, 566 
— collection of, 568 
— composition of, 292-94 
— compression of, 572 
— condensation of, in pipes, 585 
— distillation of, 384 
— engines, 529-31 
— energy of, 133 
— evolved from oil sands, 114 
— explosive range of, 568 
— exhausters, 501 > 57 ® * 

Gas-ffasoline extraction, 583 
— hydrocarbons in, 292, 583 
■— influence of, on oil yield, 136 
— influence ol, on oil pumping, 499 
— issues of, 176-^81 ^ 

— mains, 577 


Gas, marine issues o^i7p 
■— measurement, 575-76 

— ozokerite mine, 197 

— poisonous, 180-81 

— pressures, 131 

— prices, 566 

— pumps, 570-72 

— sales of, 565 

— spontaneous ignition of, 177 

— storage of, in earth, 93 

— suppression of high pressure, 392 

— Surakhany, 178 

— tanks or separators, 571 

— thermal value of, 292 

— violent outbursts of, 178 

— waste of, 92, 93, 295 

— yield of, from oil wells, 147 
~ yield of, from wells, 294, 573 
Gasoline gas, 583 

— extraction from gas, 583 
Gauges, bit, 340 
German oil-fields, 35 
Generating stations, 533 
Generators, electric, 536-38 
Geo-synclines, 223 
(iilsonite, 196 

(ilance pitch, 136, 196 
Glenn iX)ol, 500 
Glodeni, Roamania, 38 
Gold Coast, 47 
Giabs, bailer, 379, 477 

— lope, 379 

— sand pump, 379 
Grahamite, 198, 213 
Grading of sand, 107 
Grausor oil-field, Roumania, 26 
Gravity, specific, 286 

— specific, relation to Baume, 286-88 
Grease extractors from steam, 521 
Grit. See Chilled Shot 

Gropi oil-field, Roumania, 26 
Grosny oil-field, 23 

— oil-field, high enrichment of, 149 

I — oil-field, hot sulphur water in, 203 

— oil-field, initial gusher, 144 

— oil-field, section of, 167 

— oil-field, yield per acre of, 161 
Guayaguayare, 40 

Guides, stem, 325 

Gulf of Karalx>gha2, 263-64 

— oil-fields, U.S.A., i8 
Gum patches, 192 

Gura Octnilza oil-field, 27, 223 
Guriev, port of, 23 
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Gushersj catse of gfeat, 141 

— control of, 92, 454 

— dangers cUtsing, 180 
-f- description of, 137 

— drilling in, 457 

— effect of, 137 

— extinction of burning, 458 

— famous, 93, 138, 153, 154 

— Mexican, 91, 153 

— Roumanian, 26, 154 

— Russian, 24, 139, 154 

— sand expelled by, 13Q 

— shields for, 454 

— suppression of, by mud, 392 

— violence ol, 455 

— yield of, 153-55 

H AND-DUG wells, Burma, 69 
— wells, Galicia, 29 
— wells, Roumania, 72, 454 
Handling and dressing bits, 336 
Hanover tnl-fteld, 34 
Ilaspels, swabbing, 483 
Ilayti oil indications, 39 
Heads, casing, 463 
— drive, 421 
— flows by, 465 
Hire of oil storage, 558 
— of tools, 605-9 
Historical references to oil, 1 
Holy Island oil-field, 25 
— asphalt, 187 
— gas issues, T79 
Hook fishing, 375 
— swivel, 353 

Hot flowing waters, 203, 204 
Humble oil-field, flooding of, 440 
Ilurgada oil-field, Egypt, 47 ^ 

Hydraulic drilling, 356-67 
— gradient, 547 
— pressure, oil under, 133 
— jacks, 421 
— rotary flush drills, 356 
— tube cutler, 428 
Hydrocarbons in oils, 279-81 
-*in gases, 291-93, 583-85 
Hydrostatic pressure, 131*33 
Hydrometers, 286 


I DEAL structure, 247 

Identifi9ation of oil sands, 176 

Igneous necks and dykes, 245 


Igneous inlrusives, 246 
Ignition of gas, 562 

— of derricks, 561 
Illuminating oils, 284 

— oils, expansion of, 288 
Illinois oil-field, 16 
Impregnation of rocks, 193 

— of rocks, irregular, 104, 109, III 
Impervious l>eds, 100 
Impression blocks, 380 
Impsonite, 196 

Inca works, i 

Incrustations from well waters, 201 
Independent Producers’ Agency, 58 
Indian lands in U.S.A., 65 

— oil-fields, 35 
-oil-fields, East, 41 

— oil-fields, West, 39 
Indications of oil, 174 et 

— of oil, deceptive, 213 

-- of oil, interpretation of, 209-15 
' Inhumbane bitumen, 258 
Injurious effect of water in oil-fields, 44t: 
Injurious well gases, 180-81 

— well waters, 203 
Inorganic origin of oil, 250 
Insecticides, 298 
Insects, loss of, in oil, 277 
Inserted joint pipe, 413 
Insulation of electric mains, 54 ^^ 

— of steam pii)es, 524 

Internal combustion engines, 526 
Interpretation of surface indications, 205 
Intrusions of salt, 231, 242 

— of bitumen, 195 
Intrusive rocks, 245, 346 
Irrawaddy River transport, 35 
Islands formed by gas issues, 183, 184 
Isolation of hydrocarbons in oil, 280 

— of hydrocarbon in gas, 584 

— of water from oil wells, 443*52 
Isomerism, 280 

Italian oil-fields, 50 
Ivory coast oil, 47 

J ACKS, hydraulic, 421 
lever, 333 
— oil-well, 334 
— pumping, 465 
Japanese oil-fields, 36 
Jars, drilling, 322, 325 
— fishing, 329 
Java oil-fields, 43 
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Jemsftoil-fielcl, Egypt, 47 
Jennings oil-field, great well in, 154 
Jerker lines, 46S 
Jet, steam, in derricks, 561 

— steam, at mouth of well, 561 
Joints, cable tool, 333 

— Canadian tool, 346 

— casing, 412 

— drill stem, 360 

— screwing up, 334 

K AMPONG MINJAK oil-field, 43 
Kansas oil-fields, 17 
— oii-fieldb, section of well in, 163 
— oil-ficlds, waste of gas in, 93 
Karaboghaz, gulf of, 263, 264 
Kentucky oil-fields, 14 
Kern River, electric power, 542 
— oil-fields, 19, 20 
— oil-ficlds, geology of, 126 
— oil-fields, yield of, 162 
— oil-fields, yield of wells in, 156 
Kerosene, properties of, 285 
— refining of, 303 
— uses of, 297 
Key horizons, 96 
Kinetic energy of gas, 133 
— energy of steam, 5^4 
Kir, formation of, 187 
— occurrence of, 187 
Klias Peninsula, Borneo, 183 
Konaisha, Japan, 37 

Krasnovodsk, 20 

Kuban mud volcanoes, 182 

Kurokowa oil-field, Japan, 6, 37 

L a BREA, Trinidad, 109 

l^agoon Boof, Trinidad, 190 
Lake, Bermudez pilch, 19* 

— Salt, 244 
— Trinidad pilch, 187 
— View gusher, 144 
Lamp oils. See Illuminating Oils 
lAtent heat of oil, 300 
Lateral travel of oil, I 47 
— variation, 103, loj, J 09 , 

Leases, area of, <^3 
Burman, 68, 73 
^ Canadian, 71 
— consideration in, 69 » 77 
Galician, 66 
— Indian land, 65 
^ minimum conditions in, 78 


Leases, obligations iif| 63 

— oil-field, 63 

— public land, 63 

— Roumanian, 66 

— Russian, 68, 73 

— South American, 67 

— typical, 80, 81 

— unit area of, 63 
Leasing of oil lands, 62 
Leather cups, 460 
Legislation, fire, 91 

— flash poinl, 290 

— Galician, 60 

— oil lease, 62 

— oil price, 58, 59 

— refinery, 61 

— swabbing, 482 

-- Trinidad pitch lake, 190 

— water exclusion, 443 

Lenticularity of oil sands, lOI, 103, 105, 
109, no, 223 

Liaman Loeloei, Sumatra, 43 
Licences, exploration, 67 

— prospecting, 68 

Lida Koelen oil-field, Java, 44 
Life of oil-fields, 157 

— of oil wells, 151 
Lighting, electric, 531 

— oil, 297 

Lignite, association with oil, 257 

— yielded hy wells, 257 
Lightning, fires caused by, 559, 560 
Lima-Indiana oil-field, 15 
Limestones, asphaltic, 193 

— Barbados, 41 

— dolomilic, 116, 117 

— oil bearing, 204 

— saline dome, 244 

— sulphur, 204 
— Trenton, 115 
Liquefaction of gases, 583 
Liquid fuel, 5*7 

_fuel, air needed for, 5*7 

_fuel, combustion of, 517 

_fuel, evaporative power of, 5*9 

_fuel, impurities in, 5*9 

Lithological character of oil-fields, 103 

ft ftq. 

Litigation, Californian, 65 
— off-set well, 79 
— Russian, 67 
_ Trinidad pitch lake, 189 
Lisard Spring seepage, Trinidad, 185 
Lobitos oil-field, Peru, 49 
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Logs, fonns well, ;ii 7 *i 9 

— typical well, 163 
Los Angeles gas line, 19 
-oil-field, 19 
Louisiana domes, 243 

— sulphur, 204 
Lubricating oil, 302, 303 

— oil, natural, 278 


M adagascar, 47 

Made oil-field, Java, 44 
Maidan-i-Naphthun, Persia, 45 
Maikop oil-field, 24 
— oil-field, gushers at, 24, 154 
— oil-field, observed exhaustion of, 146 
— oil-field, production of, 161 
— oil-field, structure of, 98, 238 
— oil-field, yield of sands at, 161 
Mains, steam, 523 
Maltha, a solvent, 197 
Mamakai, Grosny, 144, 230 
Mandrel socket, 379 I 

Manilla cables, 326 
Manifestations of oil. See Indications 
Manjak, Barbados, 41, 196 | 

Maracaibo oil, 48 ' 

Marast, 594 

Maricopa oil-field (California), 19, 20 

Marine gas issues, l 79 

Markets, oil, 51 

Marsh gas. See Methane 

McKittrick oil-field, California, 162, 231 

Measurement of flow of gas, 574 

Measurement of petroleum, 553 

Measuring tape, 556 

Mechanic shop, 562 

— shop costs, 603 

Mechanical efficiency of gas engines, 529 
— efficiency of oil engines, 529 
— efficiency of steam engines, 526 
Medicine Hat gas, 46 
Meliamoen oil-field, Sumatra, 43 
Methane in coal-fields, 255 
— in oil gases, 295, 582-84 
Methods of ensuring freedom of casing, 
420 

Methods of inducing artificial flow, 
458 

Mexican oil-fields, 37, 39 
— oil-fields, geological condition in, 244, 

245 

-i- oil-fields, gushers in, 91, I 44 » *53 
oil-ficldi, intrusive dykes in, 245 


Mexican oil-fields, land sales in, 84 
Mid-Continenta! oil-field, 17 
Midway-Sunset oil-field, 19, 20 
Midway-Sunset structure, 247 
Migration of petroleum, 117 

— of petroleum, influence of water on, 127 

— of pQtToleum, lateral, 126 

— of petroleum, regional, 118 
Milling cutters, 380 
Minatitlan refineries, 39 
Minbu oil-field, Burma, 35 
Minimum royalties, 77 

— w orking conditions in lease, 78 
Moeare Enim, Sumatra, 43 
Moinesbti oil, 28 
Monoclines, 98, 221, 235 

— unconfinalde, 238 
Monopoly, proposed German, 61 
Moreni oil-field, Koumania, 26, 216 

— oil-field, fires in, 559 

— oil-field, gushers in, 26 

— oil-field, paraffin oils in, 272 

— oil-field, yield per acre at, 161 
Moreni-Banu, light oils of, 276, 559 
Mosquito-proof dwellings, 40 
Mosquitoes, destruction of, by oil, 298 
Montichino oil-field, Italy, 50 

1 Motors, electric, 536 
i — oil, 527-29 
Mud puddles, 362 

— closing of gushers by, 392 

— flush flriils, 360 

— pumps, 360 

— weight of, 330 

Mud volcanoes, 181-84 ^ 

— volcanoes, material ejected from, 183 

N aphthenes in on, 256-81 
Native bitumens, 195 
Natural gas, 565. See Gas 
— lubricating oils, 278 
Negritos oil-ficld, Peru, 49 
New Brunswick oil-field, 47 
— oil shales, 209 
New South Wales shales, 205 
New Zealand, $0 
Nicaragua, 37 
Nigerian asphalt, 47 
Nigrite, 196 

Nippon Oil Co., Japan, 37 
Nitrobeniene, 281 
Nj^rogen in oil, 205 
— wells, 261 
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Nitroglycerine, shooting wells with, 394-96 

Nodules, concretionary, 108, 109 

— mechanically formed, 108 

Notes, field, 319 

Novorossisk Port, 23 

Nursing oil wells, 495 


/^BJECTS of casing, 410 
V—/ Obligations in agreements, 57 

— drilling, 78 

Obligations in leases, 77-80 
Obstructions, oil well, 142 
Ocliiura oil-field, Roumania, 28 
Odour of crude oils, 276 
Offsetting, compulsory, 79, 151 

— practice of, 151 
Ohio oil-field, 13, 15 
Oil. See Petroleum 
Oil engineers, 57 

— engines. Sec Engines 
Oil-field, Alsace, 35 

— Ansc, La Butte, 18, 243 

— Baicoi, Roumania, 27, 233 
Baku, 21 

— Balakhany-Saboontchy, 21 

— Barrackpor", Trinidad, 40 

— Batson, 18, 243 
-- Belle Isle, La, 243 

— Bellick, Russia, 23 

— Bcrekei, Russi.i, 25 

— Bibi-Eibat, 21, 148, 161, 227 

— Binigadi, Russia, 21 

— Bitkow, Galicia, 32 

— Bobrka, Galicia, 32 

— Bordeni, Roumania, 26 

— Boryslaw-Tustanowice, 29-31 

— Bushtenari, Roumania, 26 

— Buzau, Roumania, 27 

— Byoritsu, Japan, 37 

— Caddo, La, 18, 93 

— Calinet, Roumania, 26 

— Campina, 26, 155, 533 
—Cheleken, Russia, 24, 199 

— Chiciura, Roumania, 26 

— Chila-Salinas, Mexico, 38 

— Chindwin, Burma, 35 

— Coalinga, 19, 124, 162, 236, 27^ 
*— Cote Cailine, La, 243 

— Cushing, 17, 93 

— Damon’s Mound, Texas, 243 

— Dayton, Texas, 243 

— Doftana, Roumania, 26 

— Digbol, Assam, 36 


Oil-field, Dossor, Ru^ia, 23 
— Ebano, Mexico, 38 / * 

— Electra, Texas, 18 
— Emilia, Italy, 50 • 

— Fergana, Asiatic Russia, 28 
— Filipeshti, 25, 274 
— Grand Cole, La, 243 
— Grausor, Roumania, 26 
— Gropi, Roumania, 26 
~ Grosny, Russia, 23 
— Guayaguayare, Trinidad, 40 
— Gura-Ocnitra, 27, 233 
i — Hanover, 34 
— Holy Island, 25 
— Hackbury, La, 243 
— Hoskin’s Mound, Texas, 243 
— Humble, 18, 243 
— Ilurgada, Egypt, 47 
— Jemsa, Egypt, 47 
— Jennings, La, i8, 154 
— Juan Casiano, 38 
— Kampong, 43 
— Kern River, 19 
— Konaisha, Japan, 37 
— Kurokawa, Japan, 37 
— La Brea, Trinidad, 40 
— Lingkat, Sumatra, 42 
— Lobitos, Peru, 49 
— Lo.s Angeles, California, 19 
— Lost Hills, California, 19 
— Miudan-i-Naphthun, Persia, 45 
— Maikop, Russia, 24, 238 
— Maricopa, California, 19 
— McKittrick, California, 19 
—■ Midway, California, 19 
— Minbu, Burma, 35 
— Minjak, Sumatra, 42 
— Moeara Enim, Sumatra, 43 

— Montichino, Italy, 50 

-- Mora^i, Roumania, 27, 216 
— Negritos, Peru, 49 

— Ontario, Canada, 47 

— Panolan, Java, 44 

— Panuco, Mexico, 38 

— Petit Anse, La, 243 

— Poiok, Galicia, 32 

— Portrero del Llano, Mexico, 38 

— Rembang, Java, 44 

— Runcu, Roumania. 26 

— Salt Creek, Wyoming, 20 

— San Cristobal, Mexico, 38 
— Santa Maria, California, 19 

— Saratoga, Texas, 243 

— Schodnica, Galicia, y) 
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Oil'iield, Singu, Bu^a, 35 

— SoerebajaJ Java, 44 

— Sour l^ake, Texas, l8, 243 

— Spindle Ti^p, Texas, 18, 150, 155, 160, 

243 

— Sulphur, La, 243 

— Sunset, California, 19, 156 

— Surakhany, Russia, 21, 106, 127, 176 

— Tabaquite, Trinidad, 40 

— Tarakan, Borneo, 45 

— Taranaki, New Zealand, 50 

— Telaga*Said, Sumatra, 42 

— Telega, Roumania, 26 

— Topela, Mexico, 38 

— Tsintea, Roumania, 27, 233 

— Tustanowice, Galicia, 29, 30 

— Ural, Caspian, 23 

— Vinton, La, U.S.A., 18, 243 

— Welsh, La, U.S.A., 18, 243 

— Wliittier, California, 19 

— Yenangyat, Burma, 35 

— Ycnangyaung, Burma, 35 

— Zotritos, Peru, 49 

Oil-field waste and its prevention, 89 
Oil-fields, American, 8 20 

— Appalachian, 10, 133, 152, 157 

— Argentine, 48 

— Assam, .^6 

— Borneo, 44, 45 

— Burman, 35, 36 

— Californian, 19, 20 

— Canadian, 46, 47 

— Colorado, 20 

— East Indian, 41-45 

— Egyptian, 47. 48 

— Eurasian. See Map 

— Galician, 28-34 

— German, 34 

— Gulf, U.S.A., 18 

— Illinois, 16 • 

— Japanese, 36, 37 

— Javan, 43, 44 

— Kansas, 17 

— Kentucky, 14 

— Lima-lndiana, 15 

— Mexican, 37-39 

— Mid-Continental, U-S-A., 17 

— New Zealand, 50 

— Ohio, 13 

^ Oklahoma, 17 

— Persian, 45 

— Peruvian, 49 

— Roumanian, 26-28 

— Russian^ si-25 


Oil-fields, Sarawak, 45 
— Sumatra, 42, 43 
— Tarakan, 45 
— Tennessee, 14 

— Texas, 18 

— Trinidad, 39-41 

— West Virginian, 12 

— Wyoming, 20 

Oil lands, area of, in U.S.A., 10 

— effect of initial development on, 135, 136 

— excessive enrichment of, 148, 149 

— exploration of, 215 

— leasing of, 63 

— life of, 157 

— production of, I14, 157-62 

— prospecting of, 215 

— .sales of, 84 

— testing of, 215 

— valuation of, 82-88 

— withdrawal of, in U.S.A., 65 

— yield of, 159-162 
Oil measures, loi 

— ponds, 180, 

— pools, 96, 99, 241 

— sands. See Sands 

— savers, 457 

: Oil shales, 205 

! — shales, areas, 8 
i — shales, 205-09 

— shales, New Brunswick, 209 
; — shales, Scotiish, 208 

— shales, Spanish, 208 

— shales, Syrian, 20S 

— shows, 309 

— “thief," 554 

— volatile mailer in, 205 

— wells. See Welts 
Oklahoma oil-fields, 17 

— oil-fields, waste of gas on, 93 

— wildcatting, 216 

Oleum property, Bibi-Eibat, 134, 148, 154 
Ontario gas, 294 

— oil-fields, j6, 143 
Optical activity of oil, 255 
Options on oil lands, "Ji 
Oran oil-field, Algeria, 48 
Organic matter in shales, 254 

— origip of oil, 252 
Organisms, oil-forming, 254|.,357 
Origfin of petroleum, 249-72 

— of petroleum, animal, 258 

— of petroleum, inorganic, 259. 

— of petroleum, organic, 252 . 

—•nf petroleum, vegetable, 255 
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Ormoco asphalt deposits, 48 
Otvody, Russian, 68 
Overfolds, 231 
Overlap, 220, 244 
Overshot fishing tool, 366 
Overthrusts, 231 
Outcrops of oil sand, 175, 
Ozark dome, 242, 248 
Ozokerite, 198 
Ozone for refining, 303 
Oxy-acetylcne welding, 548 


P ACKERS, 444 

Packing of sand, 113 
Pacureti oil-field, Koumania, 28 
Palseontology, value of, 209, 253 
Palo-Scco, Trinidad, 40 
Panama, use of oil at, 20 
— oil indications, 37 
Panolan oil-field, Java, 44 
“ Pay” streaks, 309 
Payla, Peru, 49 
Paraffin oils of Burma, 274 
— oils ofBoryslaw, 272 
— oils of Campina, 274 
— oils of ChMeken, 24, 171 
— oils of Coalinga, 273 
— oils of Fergana, 25 
— oils of Filipeshti, 274 
— oils of Grosny, 273 
— oils of Moreni, 272 
— wax, deposition of, in wells, 152, 191, 

*92 . ■ c 

— wax, deposition of, m mams, 540 
— wax, extraction of, 305, 306 
— wax, refining of, 3®h 
Pcchelbronn oil, 34 
Pennsylvanian oil-fields, 10 
Percentage royalties, 69 
Percussion bits, 333 
Perforating casing, 432 
Perforator casing, 43^1 433 
Persian oil-fields, 7, 45 
Pertinencias, 68 
Peruvian oil-fields, 49 
Petrol. See Gasoline, 583 
Petroleum, association of gas with, 14? 

_association of salt with, 200-01 

— association of sulphur with, 203 
— association of water with, 97 
— calorific value of, 290 
— coefficient of expansion of, 288 ^ 

— colour of, 277 


Petroleum, combustioioof, S'i 

— comparison of, 283 

— composi'^ion of, 283-89 

— density of, 275, 286 

— drilling for, 307 

— extraction of, 453-502 

— flash point of, 290 

— indications of, 174 et se(j. 

— lateral movements of, 147 

— losses of, 89-94 

— migration of, 117 tV seq. 

— occurrence of, in collieries, 255 

— occurrence of, in volcanic rocks, 249 

— origin of, 249*72 

— paraffin-bearing, 272-76 

— piping of, 542-50 

— producing countries, 7 

— production, 9 

— prospecting, 215-20 

— redistribution caused by development 

145 

— refining of, 303 

Petroleum seepages and asphalt dc 
posits, 184 

— shipments, 3 

— sources of, 128, 129 

— stoiagc of, 556-58 

— subterranean movements of, 134 
~ ultimate composition of, 289 

— uses of, 295 

— variation in character of, 129 
Petrolia, 46, 143 

Petrolite lamp, 296 
Petrovsk port, 23 
Peudawa, Sumatra, 43 
Pharmaceutical oils, 298 
Phosphates, occurrence of, 259, 269 
Photographing lost tools, 3S0 
Pipe-lines, Baku-Batoum, 22 
— Burmafi, j6 
— Californian, 20, 545 

— condensation of oil in, 585 
— Constanzia, 28 

— deposition in, 544 

— design of, 542 et seq. 

— early, 3 

— formulae, 543 

— Maikop Ekaterinodar, 24 
— Maikop Touapse, 24 
— Mexican, 89 
— Oklahoma proposed, 59 
— Persian, 45 

— powers exercised by companies, 59 

— rifled, 545 
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Pipe-lines, Roumwvan, 28 

— submarine, 39, 54^' 

— Sumatra, 43 

— Trinidad/" 549 
Ural-Caspian, 23 

Pipes, flexible, 524 

— steam, 523 
Pioneering, 215, 509 
Pitch. See Asphalt 
Pitch-lake, Trinidad, 187 

— Venezuela, 191 
—‘Pitman, 323, 344 
Pitot gauge, 574 
Pits, hand-dug, 453 
Placer law in U.S.A., 64 
Ploeshti refineries, 28 
Plugging of perforations, 497 

— of wells, 28 
Poisonous gases, 180 
Poles, drill, 346, 351 

— fishing, 384 
Pools, oil, 96, 99, 241 

Poota, oil manifestations at, 178 
Ponds, oil, 180 
Porcellainite, 194 
Porosity of dolomites, 116 

— of rocks, 106 

— of sands, 106, 113, 114 
Portable boilers, 510 
Portable drills, 314, 384-89 

— electric lamps, 531 
Portugal, bituminous rocks in, 194 
Potential energy of gas, 133 
Power for air-lift wells, 493 

— for bailing wells, 473, 476 

— for drilling, 390, 391 

— for oil-fields, 508 

— for pumping wells, 470 

— for pumping oil in pipe line, 547 

— for swabbing wells, 486 
Powers, pumping, 467 
Prahova oil-fields, 28 

Premature decline of yield of wells, 495 

premium on oil lands, 72 

Pressure, cause of, in oil-fields, 130 tt seq. 

— high gas, 131 

— loss of, in oil-fields, 499 

— steam for oil-fields, 514 

— variable, 131 
Prices of oil land, 84, 85 

— of Baku oil, 51 

— of Bitkow oil, 32 

— of Galician oil, 30, 51, bo 

— of Mrfeni tBama) oil, 27 


Prices of Oklahoma oil, 52 

— of Pennsylvanian oils, 157 

— regulation of, California, 59 

— regulation of, Grosny, 59 

— regulation of, Oklahoma, 59 

— relative, of fuels, 53, 5^6 

— Wyoijning oil, 9 

Production and life of oil fields, 157 

— of gas in America, 568 

— of oil-fields, 157-62 

— of oil wells, 152-57 

— of selected oil-fields, 148, 149 

— of world, 9 
production records, 592 
Properties. Sec Leases 

— excessive enrichment, 148, 149 
Profits of oil companies, 54 
Prospecting licences, 67 
Prospectings for petroleum, 210, 215-20 
Protection of Indian lands, 65 

— of oil sands from water, 442 

Pumping, 459 

— cost of, 470 

— frame, 469 

— jacks, 465 

— multiple, 468 

— oil in pipe line, 551 

— oil wells, 459 et ttq. 

— powers, 467 

— wire line, 461 
Pumps, 550 

—• centrifugal and turbine, 55® 

— deep well, 459 

— drum, 551 

— gas, 570, 572 

— mud, 360 

— plunger or ram, 551 

— rods for, 46a 

— sand, 342 

— tubing for, 46! 

Pulley blocks, 324 
Pulling wells, 463 
Punches, 432, 433 
Pyro-bitumens, 196 

Q ualities of crude «iia» aga 

Quasi-emulsions, 503 

Quayaguayare, Trinidad, 40*- 
Quaquaversal structures, 2^ 244 

R APID” drill?'373 

Rangoon refineries, 36 
Ravine subsoil, 241 
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Reamers, 336 
Records, casing, 590 

— drilling, 588 

— production, 592 

— statistical, 588*97 
Recovering; lost casing, 429 
Recovery of lost tools, etc. See Extrac¬ 
tion 

Reduced oils, 40, 299 
Refineries, Algeria (Oran), 48 

— Assam ,'36 

— Barbados, 41 

— Blacktown (Baku), 25 

— Borneo, 44 

— Brrman, 36 

— Californian, 20 

— Egyptian, 47 

— Galician, 30 

— Grosny, 23 

— Japanese, 37 

— Javan, 44 
Mexican, 39 

— Persian, 45 

— Roumanian, 28 

— Shirvansky (Maikop), 24 

— Sue/., 47 

— Sumatra, 42, 43 

— Talara (Peru), 50 
Refinery legislation in Koumania, 61 
Refining, 303 

— of oil by Bauxite, 305 

— of oil by caustic soda, 303 

— of oil by sulphuric acid, 303 

— of oil by sulphur dioxide, 305 

— theory of, 303 

— of paraffin scale, 306 
Refrigeration of gases, 587 

— of residues of wax, 306 
Regulations, petroleum, 62 

— swabbing, 482 

— water exclu.sion, 443 
Rdationship of grade of oil to depth, 

274 

Relationship of paraffin and asphaltic 
ml, 272 

■Relative^iWportance of structure, 246 

Relief valves, ^47 

Rent^for oil Isnds, 71 

Repairing 434 

Residues, petroleum, 4 

Returns, drilling, 317. i88 

— pioduction, 592 

Revenue expenditme, 86, 87 ^ 

Revetring gear, 525 


Revivifying mineral earths, 3 Cjf 
Rifled pipe lines, 545 
Rig cable, 320 

— Californian, 321 

— Canadian, 344 

— “ Columbia,” 388 

— “ Fauck,” 373 

— hydraulic, 356 

— portable, 384 

— Russian, 351 

— “ Star,” 385 
Riveting casing, 416-19 

— machine or block, 417 
Rivets for casing, 417 
Road oils, 4CS 298 

Rock salt associated with oil, 201 

— association with domes, 122, 201, 243 
Roily oils, 507 

Rope blocks, 324 
~ clami), 320 
Rope sockets, 313-33 
r— spears, 431 
Ropes, manilla, 326 

— wire, 330 

RoUry flush drills, 356 
! — swivels, 358 

Roumanian oil-fields, 26-28 

— oil-fields, cost of drilling in, 592 

— oil-fields, electric power in, 533 

— oil-fields, hand-dugs in, 72, 453 

— oil-fields, refineries of, 28 

— oil-fields, rock salt in, 244 

— oil-fields, structure of, 127, 129, 209 

227, 232 

— oil-fields, yield of, l6i 

— oil-fields, yield of wells in, 154 
Royalties, 69, 7 ^ 

— adjustment of, Russia, ^o 
— American, 

— Burmafl, 75 
— Canadian, 71 

— cash, 69 

— diminishing, 70 
— Galician, ^2 

— in kind, 69 

_increasing burden of, 77 

— minimum, 

— percentage, 69 
— Roumanian, 72 
— Russian, 74, 7.'5 

— valuation of, 89 

Royalties and consideration in lca« 

69 

Russian freefsll system, 351 
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Riissian oil-fieldJ, *S 

— oil-fields,'hailing in, 471 

— oil-fields, contract drilling in, 401 

— oil-fields;drilling methods in, 351 
-i- oil-fields, leases in, 63, 72 

— oil-fields, motive power in, 509 

— oil-fields, pipe lines in, 22-24 

— oil-fields, refineries of, 23, 25 

— oil-fields, royalties in, 72 
Rustin Punta, Peru, oil at, 50 
Rusting of casing, 452 

— of pipe lines, 544 


S AKHALIN, 25 

Sales of oil properties, 84 
Saline and sulphurous waters, 200 
Saline domes, 122, 241 
—■ waters in oil-fields, 200-14 
Sales of oil lands, 75 
Salt cores in Roumania, 244 
— crystallisation of, 244 
— domes, 24T 

— function ofi in oil formation, 268 
•— lakes, 244 

— Creek oil-field, Wyoming, 20 
“ Salting’’.oil ground, 217 
Sand lines, 322, 328 
— nodules, 108 
— pumps, 342 
— reels, 322 
Sand screens, 436, 497 
y screening, 107 
— yielded by oil lands, 135 
— yielded by wells, 103, 149 
Sands, blasting of, lit, 393 
— capacity of, 106, 113 
— composition of, 105-07 
— deposition of, 105 * 

— decoloration of, 104, 112, 176 
— dry, expulsion oi, 135 
— elongated bodies, cause of, 99 
— gas, 106 
— grading of, 107 
— lateral variation of, 105, 109 
— lenticularityof, 103, 105, in 
oil, 105, 217 

_recoverable contents of, 162 

— tar, 46 

_yield of, per acre foot, 147 

Sandstone, calcareous, 108-u 
-Loil-bearing, 108, in 
— porosity of crushed, 114 


Santa Barbara oil-field, 20 

— gusher, 144 

— Clara oil-field, 20, 195 

— Helena oil,field, Ecuador, 49 

— Maria oil-field, 30 
.Sarawak oil-fields, 45 
Saturated hydrocarbons, 281 
Schemakha earthquake, 179 
Scheme of organisation, 598 
Schodnica, 30 

Scottish oil shales, 205-08 ' 

Screens, sand, 436, 497 
Sea wax, 192 

Secondary oil deposits, 119 
Sections of wells, 163 er scq. 
Sedimentation, water of, 123, 133 
Sedimentary rocks, oil confined to, 95 
See[rages, oil, 184-192, 218 

— oil, classification of, 224 
Seismic activity, effect of, 120, 179 
Selection of drilling plants, 312 

— of power, 50S 
Sensitivity of oil wells, 139 

— of steam engines, 525 
Separators, gas, 571 
“.Settled” production, 156 
Settling tubs, 476, 558 
Shadow retention, 277 
Shales. See Oil Shales 

— bituminous, 193 

— burnt, 194, 195 
Sharpening bits, 336-38 
Shields, fountain, 455 
Shirvansky wells, 24 

— refinery, 24 
Shoe, spudding, 323 
Shoes, casing, 419, 420 
Shooting wells, descri|)tion of, 393 

— cost of, 400 

.Short circuits, prevention of, 561 
Shot drilling, 382 
Sinaia hydro-electric station, 533 
Singu oil-field, 35 

Sites for wells, 219 y 

Slip planes, influence of, on oil, 
141 . 

Slip sockets, American, 375, 370 
— Russian, 377 
Slipper out, 344 
Socket, rope, 331-33 
Socket slip, 375-77 • 

Sodium hydrate for refining, 303 
Solar oils, 297 . ;• 

1 Solvents from oils, 296 





Sources of otU 128,129 
South American oilfields, 481 
Southern Pacific Railway interests, 65 
Spacing of oil wells, 79, 150, 151, 500 
Spanish main seepages, 224 
Spanish shales, 208 
Sparking in wells, 560, 561 
Sparks, 56! 

Spears, casing, 431 

— rope, 378, 477 

Specific ^avity and Baam^ equivalents, 
286-88 

— gravity crude oil, 283 

— gravity distillates, 284, 285 

— gravity measurements, 288 

— heal of flue gases, 51S 

— heat of oils, 300 
Specification of cable rig, 327 

— of Canadian rig, 347 

— of casing, 411 

— of rotary rig, 3C8 
Speculation in oil, 54, 55. ^53 
Speed of bailing, 473 

— of cable drilling, 308, 324 

— of Russian drilling, 356 
Spiders, casing, 424 

— swinging, 331 
Spindle Top leases, 63 

— poison gases of, 180 

— production of, 155 * ^ 4 ^ 

— section of well at, 164 

— wasteful develoj^ment of, 63 
Spirit, petroleum, 2S4, 296 
Spray of oil from wells, 135 
Sprays, water, 561 

Spring pole, 344 
Spud, 381 

Spudding of wells, 323 

— shoe, 323 
Standard cable rig, 320 

-‘Star” portable rig, 129, 3S5, 386 
Starunia orokerite, 200, 273 
Static transformers, 538 
Statistical records, 588 
Steam boilers, 509 

— engines, 524 

— jets, 561 

— mains, 523 • 

_ traps, 524 

— U8^ in burners, 514, 5*5 

, __ Tised in distillation of oil, 300 

Steel grit. Sec Chilled Shot 
Stem drill, 322 
_rotary drill, 360 


Stills, petroleum, 299,402 
Stock sheets, 622 
Storage of oils, 553 
Storage of gas, 93 
Stores Department, 609*18 
Strings of drilling tools, 3** 

Structures, classification of, 221 

— complex, 219 

— ideal for oil, 247 

— oil-field, 96-102 

— typical oil-field, 221-248 

— relative importance of, 246 
Subterranean oil movements, 134 
Submarine gas issues, I 79 * *80 

— mud volcanoes, 183 

“ Submarine” pipe lines, 548 
Subterranean movements of oil occa¬ 
sioned by development, 134 
Sucker rods elevator, 463 
Suei mud, 258 

— refinery, 47 
Sulphates, 269 

Sulphate of ammonia from shales, 205 
Sulphide of iron (pyrites), 204 
Sulphur, association with oil, 203 

— deposits, La., U.S.A., 204 

— diffxide for refining, 305 

— dioxide in gas, 180 

— extraction of, from oil, 305 

— in limestone oils, 305 

— in oil wells, 204 

— wells, 204 

Sulphuretted hydrogen in water, 203 
- hydrogen in gases, 180, 181 ^ 

Sulphurous waters, 200-04 

— waters, temperature of, 203 

— value of, medically, 203 
Sulphuric acid refining, 303 
Sumatra oil-fields, 43 

— anticHhes of, 228 

— oils, 278 
Sunja oil, 23 
Superheaters, 520 

Suppression of wild oil and % 
sources, 392 

Surakhany gas, 21, 178 « ' 

— gas sands, 106, 127 

— light oils, 176 

Surface indications of petroleum, 174 
Swabbing, efficiency of, 486 

— cost of, 486 

— engines for, 4S3 

— power for, 486 
Swabbing process, 482 
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SwAbbing topes, 48*;. 

SwaW, 483 ‘ 

Sweating of parafSn scale, 213, 306 
Sv^edges, eating, 435 
Celling clays, 310 
Swinging spideis, 331 
Swivel, hook, 353 
•- rotary, 358 
— wrench, 328, 329 
Symmetrical anticlines, 224 
Sympathy of oil wells, 149 
Synflmes, 221, 238 

T ABAQUITE oil, 40 
Talara tefinery, 50 
Taman mud volcanoes, 1S2 
— oil region, 25 
Tampico oil-fields, 39 
Tank wagons, distribution of, 60 
Tanks, gas, 571 
— Steel, 556, 

— steel, hire of, 558 
— steel, specification of, 556, 557 
— wooden, 558 
Tankers, 3, 4 
Tano River oil, 47 
Tape, measyring, 5 56 
Tar, Barbados, 41 
— coal, products, 256 
— refinery, 303 

sands Athabasca, 46, 47, 194 
— sands, Calilbmia, 183 
Torakan oil-fichl, 45 
Taranaki, New Zealand, 50 
Targoviste fefinery, Roumania, 28 
Tn«, excise, Oalicia, 59 
-T^icise, Russia, 6» 

— on boilers, 76 

Tdiana Voda refinery, Roumania, 28 

TacShnicsI organisation, 598 
Tehnaptepec oil, 38 , 

Tdtga, kouihania, 26 
Temper ^ew, 320, 323 
thihperafnre of distillation, 281 
— of ojj fotination, 263 
sands, .21 7 

TinpetlWwiW'SSlphur waters, 203 
Tea yean’ lawi Roumania, 79 
Tenote of oil lands, 65 a seq. 

Terrace, concentration of oil on, 241 
Terrestrial vegetation as source of oil, 
■ 257 

Tertiary strata assaciated with oil, 95 


Tertiary strata, landscape 0^ |d2 

— yield of oil wells in, 15S 
T esting TertiesUity, 435 

Tests, oil sand, 176 
Tetcani oil-field, 38 
Texas oil-fields, 4, 18 

— oils, 4, 2S3 

Theories of oil formation from organic 
matter, 261 

Theory of oil combustion, 517 , 

— of oil rcBning, 303 
Thermal efficiency of boilers, 519 

— efficiency of gas engines, 529 

— efficiency of oil engines, 529 

— efficiency of steam engines, 526 

— units, 290 

— value of gas, 292 

— value of oil, 519 
Tinawoen oil-fields, Java, 49 
Threading of casing, 413, 563 

— of tool joints, 333, 564 
Tilbury, Canada, 46 
Titicaca oil icgion, 50 
Titles, American, 63-66 

— Roumanian, 66 

— Russian, disputed, 67 
Tjepoc refinery, Java, 44 
Tobago asphalt, 39 
Tongs, fibbing, 378 
Tool joints, 333 
Torbanite, 20<; 

Torpedoing wells, III, 393-400 
Tour drilling, 312 

Transformers, electrical, 538 ■ 

Transmission, electrical, lines, 53 T» 54*5 

— lines for pumping, 468 • • 

Transport on Irrawaddy, 35 ' 

on Trans-Caucasian Railway, 2i ‘ 

— on Volga, 22 
Travertine, 244 
Trenching machine, 547 

— pipe lines, 547 
Trenton limestone, l6, 116 
Trinidad asphalt, 187 

— mud volcanoes, 182 

— oil-fields, 39 

— oils, 275 

— pitch lake, 187 
Tulf, bailing, 476 

— settling, 476 
Tube cutters, 426-^ 

Tubing well, 462 

— Hexihle metallic, 524 ' 

Tftmbex oil-belt, Herdg 49 ‘ 



In^ex ^ 


Turpentine eulstitUtes, 298 
Tmtsnowice oil-field, 31 
— cdi'field, water in, 442 
Tuxpam oil-field, 39 
Twalf Dessas oil-field, Java, 44 
Types of casing;, 411 
Typical weU logs, 163 


CHTA district, 25 
Ul^mate composition of oils, 
289 

Ultimate composition of bitumens, 189 

— yield of wells, 154, 155 
Untonformable monocline, 238 
Unconformities, Californian, 128, 254 

— oil-field, 215, 235 

— Roumanian, 128, 141, 231 
UndetcBtters. See Under-reamers 
Under-reamers, 336, 337 
Union of oil producers, Galicia, 30 
Unit area of oil leases, 63 

Units of oil measurement, 553 

— thermal, 290 
Unsaturated hydrocarbons, 281 
Ural-Caspian oil-field, 23 
Uralite derricli covering, 561 
Uses of petroleum, 295 


V ACUUM on gas wells, 500, 570, 

, 585 , 

Vacuum on oil wells, 501 

Valuation of oil properties, 82-88 

— of royalties, 89 

Value of bitumens, 196 

— - of gas sold in U.S.A., 366 

— of oil lands, 84, 85 

— ofoil stills, 303 

Valves, bailer, 340 

— check, ku gas mains, 569 

— equilibrium, 525 

— explosion, 568 

— gi#et, 454 

-ffjnua ptenp, 360 

-i- tank! 536 

Vapour tensiort of right coiidensuLes, 

,593' 

Vapours, tohdensation of, 584 
.VKsdlhie, 298 

' f',-v»%4s*, 

, V(lgetiMe«irigin of oil, 255 
, • Vtiflidiy in pipe lines, 544 
rVeAu’clattasplialt, 191 


Veneaielan oil, 191 , 

Ventilation of bitumen mioei,*i 97 

— of oiokerite mines, 200 

Venhira oU>‘fie1d, 20 ) 

Verticality of wells, 422, 435 
Virginia, West, oil-fields, 12 , 13 
Viscosity of oils, 276 

— influence on underground movenientsp 

9 * 

— of oils, influence on piping, 543 
Volatile matter in oil shales, 205, 208, ^39 

— spirits in oil, 278 
Volatility of oils, 278, 583 
Volcanic dykes, 245 

— intrusions, 245 

— origin of oil, 250 
Volga transport, 22 

Voltage of electrical services, 533, S 3 ® 
Vulcaneshti, Koumania, 28 


W ASTE gas, 93 » 93 » 29S' 

— oil-field, 89 
— prevention of, 90, 94 
Wasteful development, 79 » 5 ^ 

— distribution of wells, 500 
Water condensers, 520 22 
— connate, 97 
— cooling towers, 522 
— danger of uncxcludcd, in wellfip 440 
— effect of, on heat value of fuel, 5^9 
— evaporators, 523 
— exclusion of, from wells,-443 
— flooding of oil-fields by, 440 
— influence of, on concentration of oil, 14 
— influence of, on subterranean movemcnl 
of oil, 128, 145 

— influence of, on yield of oil-fields, 14^*'^ 
— influence of, on yield of oil wells, 140-4 
Waterproof materials, 298 
j — injurious effect of, on oil-fields* 14**46 
— sands, mudding up of, 363, 371 
— transporting power of, 127 
Waters, alkaline, 201 
— analyses of well, 202 

_detection of underground flow.o^ 443 

— hot flowing, 201-04 

— oil-field, 133, 201, 20a, ■ , 

— saline, 200, 201 
— sulphurous, 203, 204 
Wax. See Paraffiri 
— sea, 192 

Weathering of oil rocks, 217 
— wild oils, 586 
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Index 


W«dge block, 424 ^ 

Weight of ft^ro'condensers, 521 

— of boilers, 511 

— of casing(r 4 l 5 j 418) 4^9 
-t- of drilling bits, 347, 348 

— of drilling cables, 326 

— of engines, 525 

— of mud, 330 

— of rotary drill stem, 370 
Wells, air-lift operation of, 486 

— arresting declining yield of, 495 

— average yield of, 151 

— bailing, 471 

— cleaning, 496 

— contract, 400 

— cost of, 591 

— deflection of oil to, 138 

— destructive, I44 

— distribution of, 150, 151 

— drilling, 320-73 

— effect of unexcluded water in, 140 

— exclusion of water from, 443 

— extracting wax from, 49S 

— feeders to, 137 

— flowing, 92, 141, 454 

— inducing flow of, 458 

— life of, 152 

— lining of, 410 

— location of test, 219 

— offset, 151 

— pumping, 459 

— repairing defective, 434 

— sand yielded by, 135 

— sensitivity of, 130 

— spacing of, ico, 15^ 
sulphur, 204 

—- swabbing, 482 

— ultimate yield of, 154, 155 

— unskilled handling of, 501 

— verticality of, 422, 435 t 

— wasteful distrifnition of, 500 

— yield of, 152-57 
Welded bailers, 471 
Welding, oxy-acetylene, 471 


West Indian oil-fields, 39 
West Virginia, 13 
White oils, 21 
Whittier oil-field, 20 
Wildcatting, 7, 216 
Wild condensates, 583 

— wells, suppression of, 392 
Will-o’-tfie-Wisp, 177 
Wire cable pumping, 4G8 
Wire cable drilling, 329 

— cables, 329 

— jerker lines, 468 
Wonokromo reflnery, Java, 44 
Wooden clamps, 560 

— tanks or vats, 558 
Workshops, 562, 599 
World's production of od, 9 
Wrenches, tool, 333, 334 
Wurtrilite, 196 
Wyoming oil-ficId, 20 

— oils, 278 


Y ASMAL Valley, 22G 

Ycnangyat oil-field, 35 
— gas issues, 178 
Yenangyaung nii ficltl, 35 
Yield and life of oil wells, 151 
— of oil-fickK, 157 
— of oil lands, 159-62 
— of oil shal-s, 208. 209 
— of oil wells. 151 
Yukon rents, 71 


Z ABKAT, flooding of, n 
— gas outburst, 179 
Zante pilch well, I 
Zayavku, 68 
Zemes, Roumania, 2S 
Zones, oil prodiictifin, lOi, 102 
— special enrichment, 148, 149 
Zorrilos oil-field, 49 


Pfifiiiil <tt Ihf Dai^ikn r.iimhuTfih. 
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(hi and “ Oilwcll” hnyc urovn up lojtether. 


OIL WELL SUPPLY CO. 

'f he (ftdest and largest Manufacturers in the World. 


everything supplied as 

REQUIRED FOR DRILLING OIL 
GAS AND WATER-V'ELLS, ANY 
SIZE, ANY DEPTH, ANYWHERE. 


DRILLING PLANT. PUMPING OUTFITS. 

PIPE LINES. STORAGE TANKS. 


EUROPEAN offices; DASHWOOD house, 

LONDON, EC 

HEAD offices: PITTSBURGH, U.S.A. 
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ROSSER & RUSSELL LTD. 

Mechanical Engineers, 

QUEEN’S WHARF, HAiVNVlERSMITH 

LONDON, W. 


Ttlegpams: LESORUS, LONDON Telephone: HAMMERSMITH 31 and 967 


Manufacturer^ of 

High-Class Oil-Field Specialties and 
Machinery 

AUTOMATIC POSITIVE - ACTION TUBE 
CUTTERS 

Ensure a perfect cut at any depth when lowered 
, and rotated by rods or tubing 

ROLLER SWEDGES 

For repairing collapsed casing with least damage 
and violence 

FISHING RODS OR TUBES 

For lowering positive-action Fishing Tools upon 
which power by hydraulic jacks can be applied 

RUSSIAN TYPB CASING SPEARS 

For recovering lost casing or pulling tight columns 

DONALD ECCENTRIC FLUSH BIT 

An under-reaming Flush Bit of proved worth 

CASING SHOES, CASING CLAMPS, Etc. Etc. 


Pafttculai's and Quotations upon application 
Designs and Prices submilted for Special Cpols 
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The above is from a Photo of Tools manufactured at our Works 


THE 

OIL WELL ENGINEERING CO. LTD. 

Manufacturers of 

OIL WELL DRILLING TOOLS AND PLANT 

of every description 

Speciality-STEEL RIGS AND DERRICKS 

made to suit the varying conditions of the Oilfields of the World 


IBON AND STEEL PIPE, CASING, TUBING, WIDE 
DBILLING LINES, CASING AND SAND LINES 


- EVERYTHING REQUIRED FOR OILFIELD EQUIPMENT - 


Head Office and Woriis: 

Landoa Office: 

CHEADLE HEATH, STOCKPORT 

57 BISHOPSGATE, E.G. 

Telephone: GATLEY H 

Telephone LONDON WALL 27M 


Telegrum and Cables: 

• OLIFIERS, CHEADLE, CHESHIRE" , 

"OLIFIERS. LONDON" 
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STEAM, AIR, ELECTRICALLY AND 
BELT DRIVEN FOR PIPE LINE 
DUTIES AND GENERAL PURPOSES. 


Catalogues on Application. 


1 



LEE HOWL & CO., Ltd., 

TIPTON, STAFFS. 

London Office - 110 CANNON STREEt, EG. 

CASLES; "HOWL, TIPTON, ENGLAND,” , 

" PREPOLLENJ, LONDON,” ' 




rONES-WI^lOX 


Patent HOSE 


WIREBOUND 


Contalr.s 

NO 

Rubber 


Does not deteriorate—but IMPROVKS 
when used for suction or tlelivery of 

PETROLEUM, 

Liibricaling and Fuel Oils. Being wire- 
bound iniernally and externally, il can¬ 
not kink or collapse. Supplied in 
all si/cs up to 8^ in. bore. 
l‘'langes, and other ^ 

conneclions, to 


1 Please write for 
Booklet ck Prices, a 


WlllCOX’S 

Semi-Rotary Wing 

PUMPS 

For Tank Cars, Road Wagons, Oil Stor¬ 
ages, and General Pumping of Oil and Petrol 
spirit. Powerful in lifting and forcing, clear¬ 
way through valves, strong, easy to work. 
All sizes from 4 in. to 3 in. connections. 


EMGINEEBS’ STORES AN5 TOOLS 
FOR OIL WELL PIAMTS. 

Our 735 pp. Catalogue will be gladly sent 
k upon receipt ot application on business fom^ 


W. H. WILLCOX & CO. Ltd. 

32 to 38 Southwark St., LONDON, S.E. 
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JOSEPH STEPHEHSOn 6 CO. 

ENGINEERS AND MERCHANTS 

46 Queen Victoria Street, LONDON, E.C. 


Telephone: CITY 4600 


C.i’ les STEVE, LONDON" 



OIL WELL SUPPLIES TOOLS AND STORES 
SPECIAL LATHES SCREWING MACHINES 
MULTIPLE DRILLS FOR CASING 
“THE HUNTER” COMBINATION 
GAS EXHAUSTER AND BURNER ' 
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TRADC Mark 

PROSPECTING 

OUTFITS 

• • 

CORE DRILLS 

LIGHT PORTABLE RIGS 

COMPLETE BORING PLANTS 


PUMPS FOR EVERY SERVICE 


DUKE A OCKENDEN Ltd. 

Artesian Well Borersi 
126 Southwark St., LONDON, S.E. 

and 

FERRY WHARF WORKS, LITTLEHAMPTON 




ADVERTISKMENTS 
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PEARN PIMPS 

FOR ALL PURPOSES 

Driven by Oil or Gas Engines 
Electric Motor, or by Steam 



FRANK PEARN & Co. 

LIMITED 

West Gorton, MANCHESTER 


Telegframs; “Pumps, Manchester” 



ADVEKTISKMENTS 





BORING TUBES 


AND 

BORING RODS 


With Flush or Swell Joints, Rounded Sockets or Internal 
Nipples, Steel Drive Shoes, Caps, etc. 

OIL PIPE LINE 

TUBE5 AND FITTINGS 

For Oil Storage Installations 

MAIN STEAM PIPE INSTALLATIONS 

With Welded-on Flanges 

LOOSE FLANGE PIPES 

With Stewarts’ No. I and Albion Joints 
COILS for Refrigeration, Tuyerers, Hot Water, Steam, etc. 
PURSER’S PATENT COCKS 

For Air, .Water, and 5team 
ASHFORD’S PATENT TUBE-WELL STRAINER 

STEEL PLATES STEEL CASTINGS 

Catalogues sent on application 

STEWARTS AND LLOYDS ltd. 


QLASQOW BIRMINGHAM LONDON 

iMiiiiiiiiiiiiiiliiiiiiiiiiiiiiiiiiiiTtiiliiiiiiiiiiiiiiiiiitiliiiiiiiiiiiiiiH .. 
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“ CALYX 


THE 


DRILL 


*'™ WALKING BEAM 
‘"“ CHURN TOOLS 

npHE BF and AB Calyx Drills, with 
^ Walking Beam attachment, meet the 
demand for Combination Core and Churn 
Drills for medium and deep drilling. 

The largest Drills will drill to a 
depth of 3,500 feet, and will handle 
tools up to 20 inches in diameter. 

The “CALYX CORE DRILL ” / 

can be furnished for all forms / 

of drive. No diamonds re- / 

quired. / ' 

AIR COMPRESSORS, PUMPS, / 
ROCK DRILLS, / I 

ETC. ETC. / 11 


INGERSOLL-RAND 


PARIS 

PETROGRAD 


165 Queen Victoria Street 
LONDON, E.C. 


BOMBAY 
RIO de JANEIRO 











CAMPBELL 

HIGH-COMPRESSION 
OIL ENGINES 

fiun on all kinds of Crude or Residual Petroleum 

Consumption ‘45 lb. per B.H.P. Hour 



TwIn-CylinJer Hljfli-ComprcssLon Entflnc, 140 D.H.P. 

I These Engines start From cold without Lamp 
NOTE No Lamp is used while Running 
INo water injection is used 

They possess, in Fact, all the Diesel’s advantages 
without its com]/iications, and at a lower price 

Built with One, Two, or Four Cylinders in Standard Sizes 
From 7 to 400 B.H.P. and upwards 

We also make Gas Engines and Gas Producers 

THE CAMPBELL GAS ENGINE CO. LTD. 

HALIFAX, ENGLAND 
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CAMPBELl, 

VERTICAL OIL ENGINES 

Two-Cycle (Semi-Diesel) Type 

From 5 to 350 B.H.P. 



Two-Cycle Oil EniSinc. 55 B.H.P. 

These are the simplest Oil Engines made, and have the least 
possible number of moving parts. They run on Kerosine, Gas 
Oil, Shale Oil, or Crude Petroleum. No Lamp is required 
while running. Fitted with Forced lubrication to Cylinders 
and enclosed bearings. 

Also made in the Marine Type with One, Two, or Four 
Cylinders, Direct Beversiblc or with Gear fieverse 

We also make Pumps and Air Compressors 

> _ __ 

THE CAMPBELL GAS ENGINE CO. LTD. 

HALIFAX, ENGLAND 
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RUSTON 

Oil-Weli_ Drilling 

MACHINERY 

RUSTON, PROCTOR, & Co. Ltd. arc llie pioneers 
iind larijesl nianufacturerM)fsolid injeciion Oil Engines, 
rhese Engines will work on any grade of crude or 
resi<lual oil, and with out latest high compression laiiipless 
(tu» Hame) type we have obtained a fuel cftnsuntplion of 
.41b. per li.M.I'. per hour,- “The economy of the Diesel 
willioLU the complication of Us Air Compressor.'* These 
engines can be readily ci»n\erted to woik on natural gas. 


The Kuslon Oil-Well Drilling Steam Engines and Hoileis 
comjdy with .he regulations in force in eveiy Country re- 
gaiding thickness of pla’es, material, and Horkmanship. All 
parts inteichangeable. 


The Kuston Oil Loco (inieinai (.onibiuslion) will \sotk 
ecjually well on petrol, heavy gasolene, or jiarafiin, and pro¬ 
vides the most efficient and economical means for conveying 
medium loads at moderate speeds on light railroads yet 
marketed. W-’iH run with an entire absence of flame. 
NO STAND-BY LOSSES. 

The Ruston Helical Centrifugal Pumps, asillustniled, will 
rai.se cleai and muddy water, and sewage, at Ufls up to 
80 feel. 

The Kuston Multi-Stage Turbine Pumps will pump to 
heads of 300 feel, and may be either belt-driven or diiect 
coupled to electric motor. 


RUSTON LINCOLN 

EST. 1840 5 WORKS comprising over 100 acres 6,500 Employees 

Telegrams.' “Ruston. Lincoln." Telephone: 5 K 0 Lincoln(6 Lines) 

And at 46, Queen Victoria Street, LONDON, E.C. 
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Reliable and cheap 
power from crude oils 


NIEW Crossley Oil Engines embody all that is latest and best 
^ in modern Oil engine practice and operate with marked 
success on heavy, crude, or residual oils. 

They possess many unique and distinctive features, and 
because of their extreme simplicity of design give reliable service 
with the minimum of attention. Their smooth, vibrationless 
running will surprise engineers used to less up-to-date types. 

A remarkable feature of 



11 the very low fuel consumption which results in economical running. 
Owing to Crossley thoroughness in construction they maintain their high 
efficiency for many years. 

Made in convenient sizej—there is one which will exactly meet your 
requirements. Why not write for particulars TO-DAY ? 

CROSSLEY BROS. LTD. 
MANCHESTER, ENGLAND 

BRANCHES AND AGENTS EVERYWHERE 
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C. & W. WALKER* i;td, 
OIL STORAGE TANKS 


REFINERY PLANTS 
SUPPLY TANKS 


Donnington, Newport = Salop 

LONDON OFFICE: no CANNON ST., E.C. 


CLAYTON, SON, & CO. LTD. 

HUNSLET, LEEDS 

Oil Storage Tanks, Etc. 
Refinery Plant. 
BOILERS. 

CONTRACTORS TO HIS MAJESTY’S GOVERNMENT 
- AND THE PJIINCIPAL OIL COMPANIES- 

Telegrams—"GAS, LEEDS" Telephone Nos. 542 and S4SS 

LONDON OFFICE: 60 QUEEN VICTORIA STREET, E.C. 






ADVKRTISEMENTS. 


COMPLETE INSTALLATIONS 


r I 


OIL DISTILLING AHD REFINING PUNT 

I 

Supplied and Erected either 
at Home or Abroad by 

A. F. CRAIG & CO. Ltd. 

Engineers 

PAISLEY, SCOTLAND 

London Office ... 23 LEADENHALL STREET, E.C. 


PRESSURE 
REGULATORS 
and PUMP 
GOVERNORS 
for OIL PUMPS 



CHAPMAN 
FULLWAY 

GATE VALVES. ’-4 

For OIL PIPE LINES 

Crosby Valve*6? Engineering Co. Ltd. 
147 Queen Victoria Street, London, E.C. 
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HIGH GRADE SPECIALLY FLEXIBIjE 

STEEL WIRE ROPES. 

FOR OIL WELLS 

AS SUPPLIED TO ALL THE LEADING USERS 



Tele] 


ADVERT ISEMKNTS 
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LUCEY 

MANUFACTURING 

CORPORATION 


MOGUL 


ROTARY 


MANUFACTURERS OF 

DRILLING MACHINERY 
OIL FIELD EQUIPMENT 

AWARDED MEDAL QF HONOR 

PANAMA PACIFIC INTERNATIONAL EXPOSITION 
SAN FRANCISCO, 1915 


OFFICES 


1 to 5 BROAD STREET HOUSE, LONDON, E.C. 

WOOLWORTH BUILDING, NEW YORK PLOESTI, ROUMANIA 
PETROGRAB,*BAKU, RUSSIA 
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FLEXIBLE METALLIC TUBING 

,lll!?ro8‘;“ PUMPING PETROLEUM, OILS, Etc. 

MILLIONS OP FEET IN USE 


FAR RIS 



HIGH-PBESSUBE 


Write lor particulars to 


UNITED FLEXIBLE METALLIC TUBING Co. Ltd. 

112 QUEEN VICTORIA STREET, LONDON, E.G. 

Works - PONDER'S END, MIDDLESEX 


MODERN REFINERY WORK 

COMPLETE PLANTS AND MACHINEJiY 


SUPPLIED FOR 


Asphalt Distilling- 

Benr.ine. Kerosinc, and Lubricating Oil 
Washing- 
Benzol Recovery. 

(Continuous Benzine Rectification. 
Continuous Crude Oil Distillation. 
Continuous Residue Distillation. 
Continuous Vacuum Oil Distillation 
for LubricatiitK and Vacuun Oils. 
Continuous Petrol Washinx- 


Crackinx and Coktnx Distillinx. 
Debenzination of Crude Oil. 

Lixnite Distillation. 

Paraffin Extraction and Kefininx- 
Petrol Rectifyinx. # 

Shale Di.stillatioii. 

Sulphuric Acid Recovery. 
Uncnndcnsabic Gas Plant and Benzine 
Enrichment. 


STILLS, RETORTS, SUPERHEATERS 
and MONTEJUS for all PURPOSES 

NEW PLANTS DESIGNED TO SUIT SPECIAL REQUIREMENTS 

\VrUc fo- Pnnifihlet on “ Mine>al Oil Dis/illitlion" 

W. J. FRASER & CO. Limited 

Engineering Works/ -- 

DAGENHAM, RQJ^FORD, ESSEX 


Telexrams—"Fraser, Dagenham” 


Telephone—222, 223 Romfotd 








